Neela
EHED)
VT 15

The Climate Change Magazine of Sri Lanka
Vol. lll December 2020

Climate Change Secretariat
Ministry of Environment



NeelaHaritha
L leele)
BevTamiflss

The Climate Change Magazine of Sri Lanka
Vol.III December 2020

Ministry of Environment
Climate Change Secretariat



NeelaHaritha Climate Change Magazine of Sri Lanka

Published by: Climate Change Secretariat, Ministry of Environment
First Published: 2020, December, Vol III

Copyright: Climate Change Secretariat, Ministry of Environment
ISSN: 2536-8591

The materials in this document have been supplied by the authors and reviewed by the Editorial Board. The
views expressed therein remain the responsibility of the named authors and do not necessarily reflect those
of the Climate Change Secretariat. Reproduction of this publication for educational or other non-commercial
purpose is authorized without prior written permission from the copyright holder provided the source is fully
acknowledged.

Editorial Board: Prof W.L.Sumathipala, Advisor, Ministry of Environment
Dr. R.D.S Jayathunga, Director, Climate Change Secretariat
Dr. Upali Amarasinghe, Senior Researcher, International Water Management Institute
Dr. Athula Senaratne, Research Fellow, Institute of Policy Studies

Dr. Shamen Vidanage, Senior Lecturer, Department of Zoology and Environment
Management, University of Kelaniya

Prof. Erandathie Lokupitiya, Professor in Environmental Science, Department of Zoology &
Environment Sciences, University of Colombo

Dr. Terney Pradeep, General Manager, Marine Environment Protection Agency

Dr. Lakshman Peiris, Deputy Director, Department of Wildlife Conservation
Tamil language article review: Mr. Vijendran Paramasothy
Assistant Editor: Ms. Hasula Wickramasinghe, Programme Assistant, Climate Change Secretariat
Language Editor: Mr. Pradeep Jayatunga

Coordinators: ~ Ms. Kumudini Vidyalankara Dpty.Director, Climate Change Secretariat

Ms. Hasula Wickremasinghe, Programme Assistant, Climate Change Secretariat

Contact Details: Climate Change Secretariat
Ministry of Environment
416/1 C, Robert Gunawardena Mawatha, Battaramulla, Sri Lanka

Printed by: NEO Graphics (Pvt) Ltd.
44, Udahamulla Station Road, Gangodawila, Nugegoda, Sri Lanka

Printing funded by: Climate Mitigation Action Support Project, Ministry of Environment

11



Editorial

Climate change is accepted as part of the
equation in development planning all over the
world, except for the minority climate skeptics
who denies the anthropocentric reasons for the
phenomena. However, in spite of these skeptic
views, Sri Lanka has begun to move in the right
path with the rest of the world in integrating
climate change considerations into development
planning based on strong policy, strategy and
action plans relating to climate change in line
with its global commitments. The Climate
Change Secretariat (CCS) of the Ministry of
Environment is spearheading the climate action
in Sri Lanka.

Overtime, the CCS has facilitated required
technical studies, to assess vulnerabilities of
different sectors to climate change, technology
needs assessment for addressing climate change
in selected sectors, covering both mitigation
and adaptation aspects. Nationally Determined
Commitments, made under the Paris Agreement
on Climate Change, are being reviewed and
upgraded at present. Furthermore, a number
of projects have been facilitated through
international financing mechanisms such as
Global Environment Facility (GEF), Green
Climate Fund (GCF) and Adaptation Fund (AF)
making use of the principles and provisions of
the United Nations Framework Convention
on Climate Change (UNFCCC) which the

Government of Sri Lanka became a party in 1994,
Despite the strong government commitment on
addressing climate change in its development
planning, there is lack of awareness on climate
change at various levels of the society. Therefore,
the main objective of the ‘NeelaHaritha™ Climate
Change Magazine of Sri Lanka is to raise
awareness and educate people in the country
on climate change, its implications, what has
been done and what needs to be done to face the
climate change.

This is the third volume of the Magazine. In
this volume, there are many areas covered
including identification of vulnerability hot
spots to water and agriculture; resilience and
adaptation, impacts of extreme weather events
and other climatic stimuli on major economic
sectors, potential ecological consequences
of predicted climate change on marine and
coastal ecosystems, some solutions to reduce
the impact of climate change using Indigenous
Knowledge, low carbon technologies and energy
management in climate change mitigation, etc.
This is an interdisciplinary magazine essentially
focusing on issues of climate change, and we look
forward to further contribution of the articles
and knowledge sharing by the researchers in the
respective fields for its continued success.

Editorial Board

I
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Vulnerable hot spots to water and agricultural
risk in Sri Lanka

Upali A. Amarasinghe*, Giriraj Amarnath and Niranga Alahacoon

International Water Management Institute (IWMI), Colombo, Sri Lanka

u.amarasinghe@cgiar.org

« A large number of river basins in Sri Lanka are vulnerable to water and agricultural

risks.

« Higher exposure and sensitivity, and lower adaptive capacity to risks lead to high

vulnerability.

 High-resolution maps are useful for spatially targeting interventions to reduce

vulnerability.

Introduction

The Nationally Determined Contributions
(NDCs) addressing the challenges of climate
change in Sri Lanka (CCS, 2016a) have
four components: adaptation, mitigation,
assessment of losses and damages, and means
of implementation. For adaptation, the National
Adaptation Plan (NAP) identified food security
(agriculture, livestock, and fisheries) and water
resources as key sectors requiring immediate
attention. The other sectors of interest in the NAP
are coastal and marine; health; human settlements
and infrastructure; ecosystems and biodiversity;
tourism and recreation; export agriculture;
and industry, energy, and transportation (CCS,
2016b). However, knowledge and information
gaps on climate and other exogenous risks are
significant barriers to the implementation of
adaptation plans.

The Government of Sri Lanka is investing
heavily in enhancing the resilience of the water
and agriculture sectors, which are critical for
ensuring food and water security.

Since 2014, the World Bank has funded projects
to the value of over USD 800 million. Some
of these projects are the Climate Resilience
Multi-Phase  Programmatic approach (USD
317, 2019-2024), Climate Smart Irrigated
Agriculture (CSIA) Project (USD 140 million,
2019-2024), Agriculture Sector Modernization
Project (USD 169 million, 2016-2021), and the
Climate Resilience Improvement Project (CRIP)
(USD 110 million, 2014-2020, with additional
financing of USD 82 million in 2016). In recent
years, many other development agencies, such
as the Asian Development Bank (ADB) and Japan
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International Corporation Agency (JICA), are
funding projects for agriculture to the value of
hundreds of millions of dollars.

Climate-smart ~ water  and  agricultural
interventions are the focus of these large
investments. However, the vulnerability maps
available at the provincial or district level
(Eriyagama et al., 2010) are too coarse for
prioritizing and spatially targeting interventions.
Amarasinghe (2010) showed substantial water
scarcities and productivity differences in river
basins. Therefore, the vulnerable hot spots
combining water insecurity and socioeconomic
and environmental factors at the river basin level
are useful for implementing sustainable CSIA
interventions.

This paper presents vulnerability hot spots to
water and agricultural risk in Sri Lanka at the
river basin level

Key concepts of vulnerability

The Intergovernmental Panel on Climate Change
(IPCC) defines vulnerability as a function of
exposure, sensitivity, and adaptive capacity to
risks (IPCC, 2001). This paper uses 41 indicators
to assess exposure, sensitivity, and adaptive
capacity for identifying the vulnerable hot spots
(Annex, Table Al).

Exposure

Thirteen of the 41 indicators assess exposure
to risks. Water insecurity is a significant
exposure risk. The extent of water scarcity
(expressed as surface runoff per person), and
water development and depletion are three
exposure indicators assessing water security
risks (Amarasinghe, 2010). The depletion
indicators include the ratios of withdrawals
and consumptive water use to the total surface
runoff. The other exposure indicators include
the spatial and seasonal variability of climate and
runoff and the exposure to floods and droughts
(Amarnath et al., 2017). The latter is recurrent

with monsoonal rainfall patterns. Climate change
will likely increase the magnitude of exposure to
risks.

Sensitivity

Fourteen of the 41 indicators assess sensitivity to
risks. The vagaries in weather, potentially likely
to increase with climate change, will mainly affect
the agricultural communities, and production in
rain-fed areas and small tank irrigation systems.
This paper considers the minor irrigated and
rain-fed paddy area and cropping intensity, along
with socioeconomic conditions, as sensitivity
indicators.

Adaptive capacity

Fourteen of the 41 indicators assess the adaptation
capacity to risks. The level of education, poverty,
and access to infrastructure (housing, roads,
markets, electricity, and communication) are
major indicators assessing the adaptive capacity
of people and communities.

The indicators in the three groups have different
scales and directions to risks. For example, lower
water security indicates higher exposure, while
areas exposed to smaller floods and droughts
indicate lower exposure risks. Higher population
density means, and a higher agriculturally
dependent population means higher sensitivity.
The higher level of education suggests higher
adaptive capacity, while poverty shows lower
adaptive capacity. To address the differences
in scale and directions, we standardize the
indicators (Xl]) to bring them to a common,
increasing scale of risk (0-100).

The standardized indicator (Yi].) is

ij-Ximin 100 when higher values show
] o X higher vulnerability
imax * imin
i
imax-Xi'
) %100 when lower values show

X -X higher vulnerability

max min
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Where: X Xy and X, are the actual,
minimum, and maximum values of the i"
indicator over different spatial units (j).

This study uses an arithmetic average to estimate
composite indicators for different categories
of vulnerability. The arithmetic average of the
three composite indicators shows the overall
susceptibility to risks. A unit has a higher
vulnerability to risk if it has higher exposure,
higher sensitivity, and lower adaptive capacity.
There are five categories of vulnerability: very
high (above one standard deviation [SD] from
the average); high (between the average and
one SD above the average); moderate (between
the average and one SD below the average); low
(between one and two SDs below the average);
and very low (two SDs below average).

Data

The analysis requires estimates of indicators at
the river basin level. However, only surface runoff
data are available at the river basin level. All
other data are available at administrative division
(districts [25] or divisional secretariat [325])
level (Annex, Table Al). When data are available
at the administrative divisional level, indicators
at river basin level are obtained by apportioning
the values of numerator and denominators
according to the area of intersection of the river
basins and administrative divisions. Estimates
at the river basin level are derived from the
equation below:

A

v Riverbasin :E K=1
ij k Ainiverbasin ij

Vulnerable hot spots

Sri Lanka has 103 river basins. However, many
of the coastal river basins are very small to obtain
accurate estimates using the methodology used
in the paper. Therefore, the analysis considers

NeelaHaritha Vol.3, 2020

several small contiguous coastal river basins as
a single river basin. The study, thus, examines
38 river basins, which include 20 large river
basins, covering 68% of the total drainage area,
including the Jaffna peninsula. Figure 1 shows
the vulnerability of hotspots.

Group 1: Very high vulnerability: This group has
27 small river basins. These river basins drain to
the sea from the northeastern side of the country,
including Mannar, Kilinochchi, Vavuniya, and
Jaffna districts. The River basins draining to the
sea from Mullaitivu and Killinochchi districts
have very high exposure and sensitivity to water
risks, and low adaptive capacity. The Jaffna
district has high exposure, very high sensitivity,
and moderate adaptive capacity to risks.

Rainfall and runoff in these basins are seasonal
and low and have relatively higher water
withdrawals for agriculture. However, rain is
the source of water for much of the agricultural
production in this group. Moreover, most of the
districts in this group were the center of internal
arms conlflicts in the last few decades. Therefore,
not only do these areas require interventions that
reduce their exposure and sensitivity, but also
measures to increase their adaptive capacity.

Group 2: High vulnerability: This group has 49
river basins. Some are relatively large river basins
such as Manik Ganga, Kumbukkan Oya, Gal
Oya, Maduru Oya, Yan Oya, Ma Oya, Aruvi Aru
(Malwathu oya) and Kala Oya. Most areas are in
the dry and intermediate zones of the country,
cutting across Monaragala, Ampara, Batticaloa,
Trincomalee, Anuradhapura, Puttalam, and
Kurunegala districts.

This group primarily consists of the agriculturally
dependent population, and rely on a seasonal
water supply with only a little rainfall between
February and September. Agriculture in large
areas depends on rainfall and minor irrigation
tanks. Thus, they have very high exposure to
water risks. With relatively low development
in other economic sectors, these districts also
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have low- to very-low adaptive capacity. In fact,
the Monaragala district has one of the highest
poverty. Moreover, access to infrastructure is
also relatively limited.

Group 3: Moderate vulnerability: This group has
23 river basins. Except for the Mahaweli River,
many river basins in this group are primarily in
the wet and intermediate zones of the country.
The Mahaweli River cuts across all agroecological
zones: wet, dry and intermediate zones, and has
substantial variation in water availability and
use. While upstream parts receive much of the
rainfall and generate surface runoff, a large part
of the irrigation water is used in the downstream
areas of the basins in the intermediate or
dry zones. Thus, some areas of large River
basins, such as Mahaweli, may be facing water
insecurity. The identification of such deviations
requires further analysis at the sub-basin level.
However, in general, most of the river basins in
this group have moderate exposure, sensitivity,
and adaptive capacity to risks.

Groups 4 and 5: Little or no vulnerability: The
six river basins in this group have little or no
vulnerability to risk, with a few exceptions.
For example, a few coastal river basins in the
southeastern part of the country have very high
sensitivity, but have low exposure and high
adaptive capacity to risk. Thus, their overall
vulnerability is low.

The grouping shows that 79 small to moderately
large river basins are high vulnerable hot spots.
These river basins cut across 12 districts. They
include all districts in the northern, eastern,
and northwestern provinces, the Monaragala
district in the Uva Province, Anuradhapura in
the Northwestern Province, and Hambantota in
the Southern Province. Low water availability,
high climate variability, agriculture dependent
on rainfall or small tanks, inadequate human
development, and poor access to infrastructure
contribute to the vulnerability in these districts.

However, the vulnerability maps still have
the coarse spatial resolution to capture some
extremely vulnerable local hot spots (Figure
2). Tt does not capture the areas often affected
by floods in the Kelani, Kalu, and Nilwala river
basins during the rainy season, and does not take
into account the drinking water supply issues in
the coastal areas during the dry season. Salinity
ingress affects domestic water supplies in many
coastal regions during the dry season. Moreover,
some locations in moderately vulnerable river
basins, such as Deduru Oya, have drinking
water supply issues in the dry season. Further
analysis at the sub-basin (watershed) or Grama
Niladhari (GN) divisional level can determine
the extremely vulnerable localized flood or
drought hot spots. For example, droughts can
affect some GN divisions even in river basins
with low vulnerability (Figure 2). Access to
clean drinking water supply in the dry season is
a critical issue is these locations. High-resolution
maps can provide detailed information for
targeted policy and investment to address these
specific vulnerability issues.
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Figure 1. Exposure, sensitivity, adaptive capacity, and overall vulnerability of river basins
to water and agricultural risks.
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Source: Authors’ estimation.
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Figure 2. Frequency of droughts between 2001
and 2016.
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Source: Water Management Institute

Policy implications

The analysis in this paper shows that the hotspots
require various investment, technical, and
policy interventions for addressing vulnerability
to water and agricultural risks. TWMI has
conducted extensive discussions with farmers,
policymakers, and development partners to
identify various interventions to reduce water
and agricultural risks (IWMI, 2017). These
interventions, given below, range from national
to local level interventions. The vulnerability
hotspots however require a different bundle of
interventions to enhance adaptive capacity and
resilience.

Investments

*  Develop open access, dynamic
and interactive data, and information
portal.

e Conduct a holistic tank and cascade/
reservoir development and rehabilitation.

* Improve on-farm soil health and water

conservation and management practices.

* Improve rainfall (green) and
irrigation (blue) water-use
efficiency for productive purposes.

*  Promote drought/flood-tolerant
and short-duration crop varieties.

* Increase in water productivity.

*  Develop infrastructure, including
storage, roads, and regional makets.

*  Assess and develop potential intraand
inter-basin water transfers.

Technical interventions

*  Develop reliable weather forecasting,
monitoring, and early warning systems.

*  Promote crop insurance.

e Develop a dedicated electronic media
(TV/radio channel) for information
dissemination.

»  Pilot test climate-smart villages.
Policy interventions

*  Reform farmers’ organizations and water
institutions.

*  Maintain a consistent policy environment
for modernization.

Further analysis of vulnerability hot spots for
different sectors at a finer spatial resolution
can provide information for selecting a bundle
of spatially targeted climate-smart water
and agriculture solutions. Such analyses are
particularly important, given the increasing
frequency of natural hazards and impacts.
Moreover, this information better targets
enormous investments made by the Government
of Sri Lanka and international development
agencies to address the challenges of climate
change
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Annex. Index for identifying the vulnerable hot spots.

Table Al. Indicators used for identifying vulnerability hot spots.

of total area

Indicator (X.) Standardization(Y ) Mean, Stapdgrdl Remarks
i i Deviation
1. Exposure indicators
i Average annual runoff (XiMaX-Xi].)/ (XiMaX-XiMm) 67.4 26.9 Runoff estimates
per person in 2015 are available at river
i 75% dependable runoff | (X, X/ (X, X, 669 ~ 27.8 basinlevel
per person in 2015 ' )
G Withd s - % of XX VX X 55 7 4.0 Population estimates
1 lthdrawals - % 0 i iMin? M iMax ™ NiMin : Y are available at
average runoff o .
divisional secretariat
iv. Withdrawals - % of 75% | (XX, )/ (X, -X, ) 22.4 22.8 (DS) divisions
dependable runoff
v Consumption - % of (Xij_XiMin)/ XX 25.6 24 .4  Water withdrawals
75% dependable runoff and consumption
vi  Maha season runoff - % (X -X )/ (X, -X ) 53.4 333 data gre gvallable at
of annual runoff d the district level
vii  Maha season rainfall - % (X-X O/ (X, -X0) 57.9 32.1 | Rainfall estimates are
of annual rainfall available at district
viii Rainy days (>1 mm (XiMaX—Xi].)/ (XiMaX—XiMm) 46.0 21.4 | level
rain) in Maha season '
ix Rainy days (>1 mm (XiMaX—XU)/ (XlMaX_Xle) 71.8 27.2 E.sumates.of Vit to
rain) in Yala season Xl are available at
district level
x  Longest dry spell (<1 (XiMaX-Xi].)/ (XiMaX-XiMm) 40.7 21.2
mm rainy days) in Maha Areas exposed to
s€ason flood and drought
xi  Longest dry spell (<1 (XiMax—Xij)/ (XiMaX—XiMm) 49.6 28.6 are geographic
mm rainy days) in Yala information systems
season (GIS) estimates at DS/
xii Flood-prone area - % of (XiMaX-Xij)/ (XiMaX-XiMm) 35.5 25.0 | river basin levels
the total area
xiii Drought-prone area - % (XMX‘XU)/ (XiMax—XiMm) 38.0 247

Notes : Mean and Standard Deviation of river basins.
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Standard

Indicator (X)) Standardization(Y.) Mean, o Remarks
i i Deviation
2. Sensitivity indicators
i Population density (XIMaX-XU)/ (X1Max_XiMin) 8.8 16.8 | Demographic estimates
are available at GN/DS
it Household size X X (X X 79.2 20.7 | division levels from the
! Population census of

o ) 2011
iii  Rural population - % of (me'xi])/ (XiMaX-X]Mm) 49.9 20.4

total Paddy area and
iv. Children (age <15 years) - (X -X)/ (X, -X ) 42.2 29.6 | cropping intensity

% of total estimates are available
v Old people (age >60 years) | (X, -X)/ (X, -X,.) 47.0 20.3 | at the district level

- % of total from the Department of
vi  Population with age <15 (me'xi])/ Xy Xisin) 43.0 244 Census and Statistics

or >60 years - % of total
vii  Widow/divorced - % of (XIMaX-XU)/ (X1Max_XiMin) 21.5 23.5

adult population
viii Migrants - % of the total Xy X Ky Xy 233 29.7

population
ix  Displaced/resettled - % of (me'xi])/ (XiMaX-X]Mm) 36.0 243

migrant population
x  Employed population - % (XIMaX-XU)/ XX 65.8 24.3

of the total
xi Employed inagriculture (XIMM—XU)/ XX 29.8 29.7

- % of the employed

population
xii Paddy area - % of total (me'xi])/ (XiMaX-X]Mm) 52.4 30.9

cultivated area
xiii Minor irrigated + rain-fed (XIMaX-XU)/ (X1Max_XiMin) 59.3 27.3

paddy area - % of total
xiv Cropping intensity Kt X KXo 34.0 42.0

Notes : Mean and Standard Deviation of river basins.
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Standard

Indicator (X)) Standardization(Y ) Mean o Remarks
i i I Deviation
3. Adaptive capacity indicators
i No schooling (< grade 5) (X}MaX-XU.)/ (XlMaX—XIMm) 443 25.3  Schooling data available
population - % of total at DS division level
i GCE (O/L) - College Ky X KX 712 18.9 | from the population
degree population - % of census
total
, Poverty data are
iii Poverty (headcount index) (XlMaX-Xi])/ (XiMaX-X]Mm) 38.6 26.2 available from
in 2015 household income and
iv. Road density (class A&B (X]MaX—le)/ (XlMax_XlMin) 75.0 224 expenditure surveys at
roads) DS divisional level.
v Road density (class C XX (X XD 71.2 18.9
roads) ! ) Road density is
GIS estimates at DS
vi  Households with gas/ (X, XV (X, X ) 85.6 182 o conmatesat B
. ) iMax i) iMax *"iMin divisional/river basin
electricity for cooking - %
level
of total
vii Households with lighting (XlMaX—le)/ XX 299 22.8 | Access to infrastructure
(gas/solar/electricity) - % data are available from
of total the population census
viii Households with fixed- (XlMax—le)/ XX 43.7 25.1
line communication - % of
total
ix  Households with mobile (X]MaX-Xi])/ (XiMaX-X]Mm) 55.0 23.3
communication - % of
total
x  Households with safe (X}MaX-XU.)/ (XlMaX—XIMm) 289 23.7
sanitation - % of total
xi  Households with safe (XlMax—le)/ XX 78.6 23.4
water disposal - % of total
xii Households with zinc/ (X]MaX-Xi])/ (XiMaX—X]Mm) 23.9 23.2
palmyra roof - % of total
xiii Households with mud (X}MaX-XU.)/ (XlMaX—XIMm) 21.9 22.6
walls - % of total
xiv Households with mud (XlMaX—le)/ XX 441 24.8

floors - % of total

Notes : Mean and Standard Deviation of river basins.
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o The project on ‘Addressing Climate Change Impacts on Marginalized Agricultural
Communities Living in the Mahaweli River Basin of Sri Lanka’ aims to improve resilient
livelihoods and ensure food security of rural agriculture communities living in the upper
and downstream of the Mahaweli river basin.

o These families depend on rainfall for their main livelihoods and due to climatic
fluctuations, they experience flood conditions and prolonged droughts.

o The project has therefore strengthened their capacity to adapt to climate change,
supported enhanced livelihoods and introduced various livelihood strategies to improve

their resilience to absorb climate shocks.

Introduction

“Climate Change” is defined as a change of
climate which is attributed directly or indirectly
to human activity that alters the composition of
global atmosphere and which is observed over
a comparable time period (UNFCCC, 1992).
This simply means that climate change causes
changes in weather patterns and these adverse
impacts result in storms, prolonged droughts,
flash floods, rising sea levels, desertification,
changing oceanic temperature and landslides etc.

Sri Lanka, owing to its geo-climatological
position, is highly susceptible to such climatic
fluctuations. The country’s Second National
Communication to the UNFCCC (2011) notes

that “observable shifts in weather patterns,
coupled with a continuous rise of ambient
temperature across the country and increasing
variability of rainfall, are projected to have large-
scale effects on agricultural productivity, food
and water security”. In fact, nearly 25% of Sri
Lankas population who are employed in the
agricultural sector (Department of Census and
Statistics, 2018) are particularly vulnerable to
the increasing food insecurity.

SriLanka hasarich history of irrigated agriculture
where large reservoirs buffer the impact of
rainfall variability. The Mahaweli Development
Scheme is one of the largest irrigation schemes
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that support agricultural activities. However,
large areas of the Mahaweli Basin remain
untouched by the development benefits of the
Development Scheme (Adaptation Fund, 2012).
These are areas with rain-dependent small farms
in remote villages, which are some of the poorest
in the country without assured irrigation and
exposed to natural hazards such as drought,
floods and landslides. The International Water
Management Institute conducted a study which
attempts to identify the country’s agricultural
vulnerability hotspots through the development
of a Vulnerability Index. “The maps indicate
that typical farming districts such as Nuwara-
Eliya, Ratnapura and Anuradhapura, Badulla,
Matale and Polonnaruwa are more sensitive to
climate change than the rest of the country due
to existing soil erosion (up to 60 percent of the
land area in Nuwara-Eliya district is affected)
and their heavy reliance on primary agriculture”
(Eriyagama et. al., 2010).

1. Background to the Climate Change
Adaptation Project

In the light of this context the project on
‘Addressing  Climate Change Impacts on
Marginalized Agricultural Communities Living
in the Mahaweli River Basin of Sri Lanka —
Climate Change Adaptation Project (CCAPY
is implemented targeting vulnerable rain fed
farming families living in upper and downstream
of the Mahaweli irrigation system. The project
is funded by the Adaptation Fund and is
implemented by the World Food Programme
(WFP). The total granted fund is USD 7.989
mn. The Project is executed by the Ministry
of Mahaweli Development and Environment
(MMDE) since 2014, and in 2017 the United
Nations Development Programme (UNDP)
joined the project as the second executing agency.
The project is scheduled to end in February
2020. The Project targets rain-dependent
farming families in two hazard-prone Divisional
Secretariat Divisions (DSDs), being Medirigiriya
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and Lankapura in the Polonnaruwa District and
Walapane in the Nuwara-Eliya District.

2. Project overview:
2.1 Overall Project Objective

The overall objective of this project is to build
resilient community livelihoods and improve
food security against climate change induced
rainfall variability that leads to longer droughts
and more intense rainfall. To directly address
these climate-induced impacts, the project
proposes to:

I.  Develop household food security and
build resilient livelihoods for rain-fed
farming households

II.  Build institutional capacity of village,
local, regional administrative authorities
to reduce risks associated with climate-
induced rainfall variability

2.2 Targeted Beneficiaries

The beneficiaries for this project were selected
through the minor Farmer Organizations (FO)
registered under the Agrarian Services Centres,
belonging to the Department of Agrarian
Development (DAD) of the above DS divisions.
The Project targets to reach a total of 183 farmer
organizations and provides benefits for 14,039
beneficiaries’ households in the project areas as
elaborated in tablel below.

2.3 Implementation arrangements

The project implements its field activities
through the intervention of government
stakeholders with the coordination and
supervision of Divisional Project Officers.
Some of the main stakeholder organizations
are the Divisional Secretariats, Department of
Agrarian Development,Agriculture Department,
Forest Department and Department of Animal
Production and Health. These stakeholder
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Table 1: The number of farmer organizations and beneficiary families covered by the project

District DSD Farmer Organisation No. of beneficiary families
Pollonnaruwa Medirigiriya 52 6898
Lankapura 18 1696
Nuwara Eliya Walapane 113 5445
118 14039

organisations identify projects relating to climate
change adaptation with the assistance of farmer
organisations and forward the proposal to CCAP,
with the consent of the Divisional Coordination
Commiittee, to fulfil the funding requirements.
The Project Management Unit reviews the
proposal and, once it is approved, funds are
disbursed directly to the stakeholder organisation
to implement the project, after signing an
agreement with them. The supervision and
programme monitoring are carried out by CCAP
officers with the collaboration of stakeholder
organisations.

3. Project interventions and their
implementation:

To achieve the overall objective, the project
carries out various programmes to enhance the
resilient livelihoods of the beneficiaries and
introduces adaptive and alternative practices
to mitigate climate impacts on households
at the grass root level. In hand with these
interventions, the project subsequently focused
on strengthening the institutional capacity of

service delivery entities and farmer organisations
to increase their adaptability.

3.1 Home garden development

Beginning at the household level, the project
focuses on developing diversified home
garden- based Agro-Forestry systems to support
household nutrition and to create additional
incentives for farmer families. To promote
this sub-programme, firstly seedlings such as
African Mahogany (khaya), coconut, cashew and
fruit plants were distributed to ensure resilient
home garden diversity which is an indicator
of the adaptive capacity of households to meet
food, fodder, fuel and timber requirements.
The project also introduced agro wells and
rainwater harvesting tanks etc. to promote the
efficient storage of water at household level
during drought. Beneficiaries were also trained
on organic home gardening to improve the
marketability and productivity of home garden
produce. Figure 1 demonstrates the number
of home gardens developed with diverse
interventions.

13
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Beneficiaries reached through home garden
development

800
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harvesting tanks

B Home garden development

Figure 2: Number of beneficiaries introduced to home garden developments

3.2 Introduce drought tolerant crops
and agronomic practices

Introducing drought tolerant crop varieties
and agronomic practices is an important aspect
to creating resilient livelihoods for farmers.
Through this component, the project introduced
farmers to cultivate drought tolerant crops
which can survive with minimum soil moisture.
The project also carried out soil and moisture
conservation programmes such as establishing
of contour drains, bunds, stone terraces, pitcher
irrigation and micro irrigation systems.

A successful introduction through this project
was cultivation in protected housing or
polytunnels. The selected beneficiaries were
provided with training and required materials to
be able to begin cultivation under polytunnels.
The advantage of cultivating in a polytunnel is
the controlled climatic conditions, so that crops

can be grown both during the drought and
rainy seasons. This means that the polytunnel
is used for cultivation throughout the year, thus
increasing agricultural productivity by obtaining
a premium price for products. The number of
beneficiaries reached through this intervention is
reported in table 2.

3.3 Improved post harvest technologies

While improving agriculture productivity, the
project also promotes improved post-harvest
technologies to protect the harvest from
unpredictable rains, increase keeping quality
and add value to the harvest to make it market
ready so that farmers can generate a premium
price for their produce. The Project provides
required equipment and technology such as
dehydrating machines, threshing machines
and storage centers, ice cream and yoghurt
processing machines and other processed food

Table 2: Progress of establishing micro irrigation systems and polytunnels

Activity Walapane Medirigiriya Total
Micro irrigation systems 22 66 38
Polytunnel 55 - 55
Total 77 66 143
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products to encourage this purpose. Figures 3
and 4 are examples of similar introductions.

3.4 Alternative income sources

Alternate livelihoods are important to enhance
family income to supplement agricultural
livelihood. During prolonged droughts, income
that can be generated from farmlands is
restricted. As a remedy to such situations, the
project assists to create alternative income for
farm families by introducing resilient off-farming
income generation strategies such as animal
husbandry, bee keeping, mushroom cultivation
etc., as well as the produce from home gardens.
The project assists in preparing these products
for the market with food processing and
packaging, as well as links the beneficiaries and
their products to the local market chains. Figure
5 below maps out the project investment in
introducing varied alternative sources of income.
The Project also took a special interest in the
women beneficiaries who are one of the most
vulnerable groups affected by climate change.
The project established community enterprises
such as handicraft centres, handloom, textile,
shoe manufacturing and garment factories,
enabling the women to contribute to household
income and ensuring a consistent income to
households even in climate stress seasons.

NeelaHaritha Vol.3, 2020
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Figure 3: Threshing machine (Walapane)

Figure 4: Cereal Processing Machine (Walapane)

Investment for alternative income generation (Rs.Mn.)
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Figure 5: Project investment in introducing alternative income sources to beneficiaries
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3.5 Development of Community assets

The development of community assets and
livelihood resources such as minor tanks,
irrigation canals and anicuts is a vital requirement
for climate change affected communities since
storage of available water is a major requirement
to combat rainfall variability. Today, the small
irrigation systems are plagued with a number
of defects including abandonment, siltation,

invasive species and disrepair of irrigation
structures which leads to heavy water wastage.
Therefore, building community assets leads to
increased storage of rainwater, minimizes wastage
of irrigation water and enables utilizing available
water productively which in turn increases
cropping intensity, during both seasons. As seen
in figure 6, a number of minor village tanks in
both DSDs required attention along with canals
and anicuts.

Improvement of Irrigation Structures

®  Minor Tanks

®  Anicuts .

Canals

Figure 6: Number of irrigation facilities constructed and renovated by the project

3.6 Strengthening Farmer Organisations

When implementing adaptation strategies on
ground level, the Farmer Organisations are the
focal points as they are the key community
based organizations in the village. Hence, the
strengthening of farmer organizations with
human capital, physical and financial capital
is an important part of this programme to
ensuring sustainability of climate adaptation
process. Farmer Organizations receive awareness
and training on climate risk identification and
adaptation planning so that they are better
equipped to face climate shocks. A total of 10,169
beneficiaries received training on adaptation
strategies as indicated in table 3.

16

3.7 Capacity building for government
officers

Climate change adaptation should be a
sustainable process. It is still a novel experience
for the village community and officials in
service delivery organisations. Hence, the
capacity building and mobilization of officers
in the village, division and provincial level
service delivery organisations are a paramount
requirement of this programme in order to
establish sustainable adaptive strategies among
rain-fed farmers at village level and ensure
the continuity of the resilient strategies to be
introduced to the community.
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Table 3: Details of capacity building programmes conducted

Medirigiriya/ Walapane Divisions Total
Lankapura Divisions
No. of training programmes 183 53 236
No. of Participants 7199 2970 10169
Cost (Rs. Mn.) 0.0428 0.81 0.8528

3.8 Catchment conservation

The watershed is an integral element that
governs the climate condition of a particular
zone. Management of the watershed enhances
the climate change adaptation capacity and it
ensures the safeguard of conditions necessary
for agriculture such as soil and water which
in turn would increase cropping intensity and
extent cultivated. An Eco-restoration plan
(Kattakaduwa) was developed focusing on 11
village tanks which are micro watersheds. It
builds on a conservation system of planting trees
along the tank bund between the tank and the
cultivation areas. This ensures that the mineral
salinity of the tank is absorbed by the growing
trees so that the soil in the adjoining cultivation
areas does not become saline over time which
leads to cultivation lands to be abandoned
due to the lack of productivity. These plans
are implemented through the FOs cultivating
around the relevant minor tanks, under the
supervision of the Department of Agrarian
Development. The FOs are solely responsible
for the demarcation of Kattakaduwa area and
maintenance of plants. Perennial plants and fruit
plants were grown along the stream bunds, and
also, the rural road networks were developed to

ease the mobility within the catchment area. Soil
and water conservation measures by adopting
contour drains and bunds were also carried out.
Table 4 demonstrates the scale of the catchment
conservation programme.

3.9 Establishing early warning systems

As mentioned before, the visible climate change
impact scenarios are droughts, flash floods and
landslides in Sri Lanka. The identification of
possible climate change impacts in advance leads
to a minimization of loss and damage. Hence,
the project has taken steps to establish climate
early warning systems especially for landslides
and floods with National Building Research
Organization (NBRO). In total, 10 automated
rain gauges and 20 manual rain gauges, 5
extension meters and moisture sensors have
been installed in Walapane DSD and readings
are being taken by National Building Research
Organization to generate Early Warning (EW).
Figures 7 and 8 show parts of the installed
system. When rainfall exceeds 75mm, the NBRO
office in Colombo is notified. Further, an alarm
rings from the system 2 hour before a landslide
occurs. Total investment for this initiative is 20
million rupees.

Table 4: Progress of activities for catchment conservation

Variety of trees Number of trees planted Investment (Rs. Mn.)
Mee 341 3.58
Kumbuk 341
Karanda 341
Khaya 161 1.54
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4. Project results and outcomes:

4.1 Food security

As per the Baseline survey, the Food Consumption
Score was 75.5% for Walapane DS and an average
of 94.7% for Medirigiriya/Lankapura DS. A
Household Dietary Diversity Score of 71.85 was
recorded for Walapane DSD and 76.1% average
for Medirigiriya/Lankapura DSD.

During the dry season, food availability is limited
in markets. In response, the project has initiated
several sub-projects to cultivate drought tolerant
crop varieties and practices such as micro
irrigation systems and establish agro wells in
the targeted DSDs to cultivate both annual and
perennial crops. Some of the annual drought
tolerant crop varieties introduced is green grams,
black grams, ground nuts, horse grams and soya
beans, while the perennial drought tolerant crops
are citrus, cashew, coconut, pomegranate and
other fruit varieties. The project also introduced
dehydrator machines and food preservation
techniques via awareness programmes to
improve post-harvest practices to reduce post-
harvest losses and preserve excess production
during off season.

To improve household nutrition levels, the
project also took steps to stock fingerlings in
village tanks. Through awareness programmes
the community was taught the nutritional value
of tank fish. 600 persons participated in the
related awareness programmes. A total of 1.2
million fingerlings were released into 15 village
tanks through this project.

4.2 Water access

Since these farming families live upstream of
the major irrigation facilities, they are heavily
dependent on the rain. According to the Baseline
project reports (HARTI, 2017), the water supply
systems in these areas are poor. The project
rehabilitated minor tanks and canals which
have had an impact on cropping intensity and
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Figure 7: EW system being installed by NBRO

N

Figure 9: Agrowell constructed through project funds
installed in Medirgiriya
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increased cultivation extent. Additionally, a
majority of households in Medirigiriya and
Lankapura (45%) obtained filtered water for
cash for household purposes and travelled
0.5 — 1.5 km from their houses to purchase
water. However, as places issuing filtered
water are usually away from villages and due
to the inability to afford filtered water most of
the households use different types of wells. In
Walapane, spring water was the most accessed
source of water for all household purposes. 91%
of households in Lankapura, 65% of households
in Medirigiriya and 95% of households in
Walapane had not practiced rainwater harvesting
methods (HARTI, 2017). Only a total of 25
respondents in the baseline survey reported to
use rainwater harvesting tanks due to lack of
resources and awareness. Through this project
therefore, a total of 330 rainwater harvesting
tanks were distributed and 91 agro wells were
constructed offering 421 families better access
to water for cultivation and domestic purposes.
Figure 9 is an example of the wells constructed
through the project and as can be seen in figure
10 the rainwater harvesting tank is installed with
collection pipes from the gutters of the house.

4.3 Alternative livelihoods

According to the Baseline surveys, loss of income
from paddy due to floods in the last two years
is averaged at 84,000 rupees in Medirigiriya
and 103,000 rupees in Lankapura due to
drought. Average loss of income due to floods
in Walapane was 99,875 rupees. The targeted
communities under these project interventions
have been responding positively and reaping
new benefits from improved livelihoods.
About 350 women from the climate vulnerable
families were selected to undergo a nationally
recognized textile and apparel certificate training
course conducted by the Sri Lanka Institute of
Textile and Apparel (SLITA) of the Ministry
of Industries and Commerce. Furthermore,
a partnership was developed with National

NeelaHaritha Vol.3, 2020

Figure 13:Standard polytunnel built by the project
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Enterprise Development Authority (NEDA)
to develop four market driven, community
managed and governed social enterprises, using
aforementioned trained women. 200 women
were selected from the villages and provided
with training on handloom production with
new designs with the Provincial Handloom and
Textile Department of Central and North Central
Provinces. This training is underway and 25%
complete. NEDA will also provide the technical
support for the development of the entrepreneur
capacity of the women group to be market
driven, self-managed social enterprise.

Income generating activities such as mushroom
growing, bee keeping and floriculture were
also encouraged under this project. Within
this reporting year, crops such as Coconut and
Cashew were introduced to households based
on market demand for these produces and
their resistance to floods and droughts, making
these sustainable income generating strategies.
Additionally, the animal husbandry programmes
offered substantial income for 390 farmer
families through dairy, goat and poultry farming,
despite climate change effects on agriculture
production. Figures 11 and 12 were taken
during monitoring visits to beneficiairies in
Medirigiriya whose livelihoods were enhanced
through animal husbandry programmes. Under
the polytunnel interventions, 55 farmers were
given training in developing a cropping calendar
to plan their cultivation. Under this programme,
the farmer is able to grow produce even during
the off season and obtain a premium price for
his produce. They can also continue cultivation
and receive continuous income throughout
the year despite climatic fluctuations. Popular
vegetables grown under these conditions are
bell peppers, capsicums, tomatoes, lettuce, ice
cabbage and strawberry etc. Figures 13 and 14
are the polytunnel and produce of a beneficiary
in Walapane.
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Figure 14:Mr. D.M. Ranbanda of Walapane with his
crop of tomatoes

4.4 Increased cultivation extent

In the Medirigiriya and Lankapura DSDs, the
farmers are struggling to overcome the dry
weather conditions to earn a living and feed their
families. As explained before, substantial intra-
annual variations of rainfall severely constrain
productive agriculture in Sri Lanka. Some
quantity of irrigation is required to tide over
water deficits in Maha season, while irrigation is a
must for agriculture in Yala season. According to
the project proposal, due to the lack of irrigation
at the right time, in the right quantities, these
farmers have low productivity and produce crops
that do not have a high market value. During the
Maha season, market prices fall and farmers earn
barely enough to cover their cost of production.
In order to build community resilience to climate
variations therefore, the project rehabilitated 31
village tanks and 50 canals and anicuts which
benefited 9415 families and reached 9294
acres of farm cultivation. Due to the successful
rehabilitation of the tank, the farmers are now
able to cultivate in both seasons. This increased
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harvest would result in higher disposal income
for farm families making them more secure
and resilient to climate change induced shocks.
Figures 15 and 16 are examples of irrigation
systems improved through the project.

Conclusions and lessons learned

The project on “Addressing Climate Change
Impacts on  Marginalized  Agricultural
Communities Living in the Mahaweli River
Basin of Sri Lanka” has enhanced the resilience
in the agriculture community in these vulnerable
DSDs by introducing several climate change
adaptation strategies. The recommendations
in the baseline studies for both DSDs highlight
that the lack of labour in the agriculture sector
is a growing concern for the country’s economy.
In order to attract the youth population into
the sector, “agriculture should be a profitable
business, and these project interventions have
been introducing strategies to minimize the
risk and uncertainty” (HARTI,2016). The
project therefore, supported in improving the
adaption and resilience in agriculture through
rehabilitating irrigation systems, introducing Figure 16: Minor tank rehabilitated in Walapane
new technology and equipment and providing

efficient post-harvest technology. While doing

so, the project simultaneously focused on

improving resilience during climate stress

periods by introducing alternative livelihoods.

This ensures that the farming families have a

continuous source of income throughout the

year.

Figure 15: Canal constructed by the project in Medirigiriya
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o Drastic changes in weather patterns have a great impact on agricultural activity and production

 Prolonged dry seasons followed by heavy rainfall have affected tea plantations adversely

o Theimpact of extreme weather conditions on the tea smallholdings in the Hawpe GN Division

was observed

o The weather conditions have reduced the quality of tea in the South

« GIS information was used to map areas that were viable for tea plantation in the Hawpe area

o It is necessary to adopt new adaptation and mitigation methods in order to maintain high

productivity of tea

Introduction

Changes in the regional climate are expected
to include greater warming over land, with
most warming at high northern latitudes,
and least warming over the Southern Ocean
and parts of the North Atlantic Ocean. Future
changes in precipitation are expected to follow
existing trends, with reduced precipitation
over subtropical land areas, and increased
precipitation at sub polar latitudes and some
equatorial regions. Projections suggest a probable
increase in the frequency and severity of some
extreme weather events, such as heat waves.

About 18% of the daily precipitation extremes
over land are attributable to the observed
temperature increase since pre-industrial times,
which in turn is primarily the result of human
influence. For a 2° Cincrease in temperature, the
fraction of precipitation extremes attributable to
human influence rises by about 40%. Likewise,
today about 75% of the daily temperature
extremes over land are attributable to global
warming. It is a rare and extreme event for which
the greatest influence is anthropogenic, and that
contribution increases nonlinearly with further
warming.
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Spatial evaluation on the effects of extreme weather conditions
on small holder tea cultivation in Galle

There is evidence that some weather extremes
have already shifted: cold nights have decreased
globally, for example, while warm nights
have increased (associated with heat waves).
Droughts, intensity of storms, and heat waves
have increased and will continue to do so. Most
categories of extreme weather events, with
the exception of cold waves, are predicted to
continue increasing with global warming. In
the business-as-usual (most pessimistic) IPCC
projection scenario, the percentage of world land
area that may experience extreme drought at any
one time will increase from 1% today to 30% by
2100. Actual changes will depend on whether
efforts to mitigate greenhouse gas emissions are
successful and on the uncertainties involved in
predicting Earth's behavior as a physical system.
Although it may seem paradoxical, risk of extreme
precipitation and flooding increases even as the
risk of drought increases. Warmer air has greater
water-holding capacity and so precipitation will
occur in the form of more intense events with
longer dry periods in between.

Lately, extreme weather has affected the
agricultural sector in the world. Agriculture
and other crop harvests have decreased due to
changes in the rainfall pattern and temperature.
Floods and droughts directly affect crops such as
tea and paddy. Tea is the world’s most popular
beverage. Sri Lanka is a top tea exporting country,
being the 4" largest tea exporter in the world.

According to the Central Bank reports, extreme
weather has the effect of reducing Sri Lanka's tea
production. Tea production declined marginally
by 2 percent to 305 million kg in 2007. In 2009
tea production decreased by 9.1 percent to 290
million kg compared to 2008. The dry weather
conditions experienced in all tea planting
districts, especially in the first quarter of 2009,
were largely responsible for the decline. Total
tea production in 2011 dropped marginally by
0.8 per cent to 328.6 million kg compared to
2010. The decline in production was evident at
all three elevations during the first two months
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when there was excessive rain, while the
medium and high elevations were again affected
in the third quarter, this time due to dry weather
conditions. During the year, medium grown tea
production had declined by 6.3 per cent to 52.6
million kg while the high grown production and
low grown production grew only marginally;
the high grown by 0.2 per cent to 79.3 million
kg and the low grown by 0.3 per cent to 196.7
million kg, respectively. The smallholdings,
bearing a cultivation extent of around 120,664
hectares of tea accounted for 69 per cent of
the total tea production in 2011. In 2012, tea
production declined marginally by 0.4 per cent
to 326.3 million kg due to adverse weather
conditions. Drought conditions that prevailed in
all tea growing areas in the first half of the year
in combination with the unusual cold weather
conditions in the high growing areas towards the
latter part of the year impacted tea production,
which continued to decline in 2015 for the
second consecutive year. Total tea production
in 2015 declined by 2.7 per cent to 329 million
kg from 338 million kg in 2014 due to supply
side factors as well as in response to demand
conditions. Tea production in 2016 witnessed
a substantial decline due to both supply and
demand factors. On the supply side, the
prolonged drought in tea growing areas during
early 2016, the changes in weather patterns with
overcast conditions in mid-2016 and the severe
drought condition experienced during the third
quarter of 2016 had an adverse impact on the
production of tea.

Literature Review
Extreme Weather in Sri Lanka

The annual rainfall for the year 2013 differed
significantly from the average rainfall values over
the previous 10 years. For example, Talawakelle,
Kandy and Deniyaya areas received significantly
higher annual rainfall (29%, 33% and 6%
respectively), whereas in the Ratnapura and
Galle areas rainfall had dropped by 4% and 9%
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respectively (Abeysinghe, 2014). There is ample
evidence to suggest that Sri Lanka’s climate has
changed noticeably. A series of annual mean
temperature records from 1871 to 1990 show
that a significant warming trend had occurred
at most places in the country during the latter
half of this period. The increase in temperature
of Sri Lanka over the period from 1961 to 1990
averages 0.016° C per year. Sri Lanka’s warming
trend over the 100 years from 1896 to 1996 was
0.003° C per year. This warming trend can be
observed throughout the country and could be
due to the enhanced greenhouse effect and ‘local
heat island effect’ caused by rapid urbanization
and land use. No significant trend was noted
in Sri Lankas mean annual precipitation
pattern during the last century although higher
variability is evident (Karunaratne, 2015).

Being a small island in the Indian Ocean, the
coastal regions of Sri Lanka are susceptible to
changes in the sea level. The 2004 tsunami had
indicated that the low-lying plains in the coastal
zone will be vulnerable to any future rise in sea
level. Important sectors of the economy such as
tourism and fisheries could be affected due to the
impact of sea level rise. A significant proportion
of the population in the country is dependent on
agriculture based livelihoods. Studies show that
the food security of the nation can be adversely
affected due to the impact of climate change
(MMDE, 2015).

Extreme Weather and Tea Cultivation in
Sri Lanka

Based on ecological parameters such as rainfall,
soil type and topography, Sri Lanka is divided
into three principal agro-climatic zones named
as the wet zone, intermediate zone and dry
zone (Panabokke, 1996). Sri Lanka is an island
nation located at the Southern tip of the Indian
peninsula, with an area of 65,610 sq. km. The
country has a population of 20.5 million with a
per capita GDP of US$ 4,102 ( CBSL,2017). The
majority of the population (70%) lives in rural
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areas where farming is widely practiced. Almost
one-tenth of the population lives below the
poverty line. The agricultural sector of Sri Lanka
is dualistic in nature, comprising plantation
and non-plantation agriculture. Plantation
agriculture is export oriented and mainly involves
the production of tea, rubber and coconut, while
non-plantation agriculture is concerned with the
production of staple food crops such as paddy,
other cereals, pulses, yams, vegetables and fruits,
mainly for domestic consumption. Spices are also
an important agricultural product, consumed
locally and exported.

Tea is grown as a rain fed plantation crop in
Sri Lanka (Figure 1). Any changes in rainfall
and temperature conditions directly affect tea
production. The optimum temperature and
rainfall for cultivation of tea are in the range
of 18-22°C and 223-417 mm per month,
respectively. Reduction of rainfall by 100 mm
per month was found to lower the productivity
by 30-80 kg of ‘made’ tea/ha/month (Wijeratne
et al., 2007). The decline in tea production due
to the drought in 1992 was about 26% lower
than in 1991 (Central Bank of Sri Lanka, 1992).
Extreme events such as heavy rains can cause
severe soil erosion, especially if the terrain of the
tea plantation is sloping (Karunaratne, 2015).
As a result of extreme weather conditions, tea
smallholdings in the low country area were
severely affected. The high temperature rise has
caused much damage to the low country tea
industry. Various afflictions of tea plants have also
been aggravated by extreme weather conditions.

How to Use GIS to Evaluate Extreme
Weather Affected Areas

The geographic information system (GIS) is a
technological tool for easily comprehending
geography and making intelligent decisions. GIS
organizes geographic data in such a manner that
a person reading a map can select the particular
type of data relevant for a specific project or
task. A thematic map has a table of contents that
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Figure 1: Agro-climatic tea growing regions of Sri Lanka,
(Source: Sri Lanka Tea Board, 2014)

allows the reader to add layers of information to
a base map of real-world locations. GIS maps are
interactive. On the computer screen, map users
can glance a GIS map in any direction, zoom in
or out, and change the nature of the information
contained in the map (Adiningsih, 2010).

A holistic approach is required to incorporate
the regional scale analysis of relevant climate
indices into the GIS map. In general, in climate
or systems modeling, the value of geographic
analysis and spatial visualization is well
recognized as it enables users to improve on the
interpretation of modeling outcomes across an
area or region. This spatial analysis enhances the
limited applicability of single site simulation. For
these reasons, the use of geographic information
system (GIS) software is widespread. However,
use of such software is challenging and many
potential users are not equipped to take full
advantage of the comprehensive spatial and
visualization analysis features provided. Such a
GIS framework has the potential to provide an
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enhanced ability to assess the possible responses
from a range of adaptation strategies to deal with
climate change (Li Liu, de. et al., 2011).

Problem Statement

Increase in the world's population has been
accompanied by advances in agriculture, industry
and transport, to meet the increasing needs of
this larger population. This in turn has resulted
in increasing greenhouse gas emission, which
has now become a problem because it has led to
extreme global weather conditions. At present,
Sri Lanka has to face extreme weather conditions.
Global climate change can cause weather changes
in Sri Lanka by altering rainfall patterns, wind
patterns, and indirectly, even soil stability. It
so happens that when the weather changes
drastically, it tends to affect the economy of Sri
Lanka because the economy depends mainly on
agriculture and export crops. Extreme weather
is a problem because it results in reduction
of income from agriculture and export crops.
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The "tea crop" for example is highly sensitive
to weather changes. Tea is an evergreen shrub,
which if not trimmed can grow into a small tree.
Imaduwa Divisional Secretariat is known as a tea
growing area in Galle District in the low country
wet zone. The reduction in tea leaf harvest has
become a major issue and this has been caused
by the increase in temperature and changes in
the rainfall pattern. These changes also seem to
affect the soil quality. Due to these problems the
tea leaf production of smallholding tea estates
has decreased and the quality of tea has also
declined. Various problems have been caused by
the weather changes in both large scale tea estates
and small tea estates. Due to the mitigation and
adaptation measures taken against these weather-
related changes, it is now possible to produce
high quality tea. The study intends to identify the
tea growers in Hawpe Grama Niladhari Division
area using GIS software to pinpoint all the issues
related to extreme weather.

Research Problem

The main problem of this study is how to deal
with extreme weather conditions affecting the
smallholding tea estates in the Hawpe GN area
and how they have adapted to meet the extreme
weather conditions in order to mitigate these
issues. Other problems are,

I.  What is the distribution of temperature
and rainfall in the area?

II. Where are the tea growing areas?

III. Which areas have extreme weather
conditions?

IV.  What are issues faced by tea owners as a
consequence of extreme weather?

Research Objectives

The main objective of this study was to identify
the effects of extreme weather conditions on tea
cultivation. Accordingly, the following two sub-
objectives were also considered in this study:
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I.  To identify the mitigation and adaptation
measures adopted in the tea plantations
to cope with extreme weather conditions.

II. To discover tea yield status in the study
area using GIS.

Methodology

When conducting any detailed study, it is
absolutely essential to have a clear methodology.
The study method wused for this research
consists of three components, specifically data
collection, data analysis and data presentation.
Questionnaire survey is important and was used
for collecting primary data. Sixty tea smallholders
were selected from this area. Those selected as
samples owned cultivated tea lands from 0.5 to
5 acres in extent. Land holders with less than
0.5 acres were not selected for this study. The
five main themes of the questionnaire were as
follows:

01. Family information

02. Information regarding economy
03. Climatic information

04. Adaptation method

05. Mitigation method

Identifying the effects of extreme weather on
tea cultivation; Various methods were used to
analyze the data. Both quantitative analysis
and qualitative analysis were used in this study.
Basic analysis was done using GIS software. The
main purpose of this study was to determine
the effects of extreme weather conditions on tea
cultivation and for this purpose it was necessary
to study the rainfall pattern and temperature
changes first. The changes in temperature and
rainfall did influence tea planting and variation
in the soil quality too affected tea cultivation.
The average temperature and rainfall values for
the years from 2012 to 2017, and the changes in
temperature and rainfall during the year 2017
also exerted influence on the tea yield. In this
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case, the effects of the extreme weather could
be seen in two areas as physical effects and
socioeconomic effects. The physical effects of
extreme weather conditions could be identified
as diseases and biological wastes from tea plants.
The socioeconomic effects of extreme weather
conditions could be measured by the drop in
the yield of tea. This could be calculated by
comparing the total tea yield of 60 tea growers
when the weather is favorable and their total yield
after experiencing extreme weather conditions.
When the temperature and rainfall patterns are
unfavorable there will be a reduction in the tea
yield and tea quality to a certain extent.

By adopting the mitigation method and
adaptation measures, the impact of extreme
weather conditions on tea cultivation could be
minimized. These adaptation and mitigation
measures were tested at the Wilhena Tea Factory.
Small-scale tea growers around this locality were
able to observe the poor quality of their tea yield
caused by the extreme weather conditions. It
was also evident that the other reason for the
unsatisfactory tea yield was the failure to follow
prescribed procedures.

GIS analysis was performed based on the
monthly tea yields of 60 selected tea growers
using interviewed data which was collected in
2017. Tea lands were classified into 4 categories
using GIS and according to annual tea yield.
Based on the classification, suitable areas for tea
cultivation could be identified. MS Excel was
used for analyzing the quantitative data. Also,
tables and charts were used for the analysis.

Analysis

Tea cultivation is done extensively in the village
of Hawpe South in the Imaduwa Secretariat
Division, and this was chosen as the study area.
Large estates as well as small scale tea plantations
can be seen here. Tea cultivation is carried out
successfully in each of the tenant cultivations
ranging from 0.5 to 5 acres. Therefore, for this
survey, tea plantations from 0.5 to 5 acres were
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Figure 2; Identification of tea yield status in Study.

selected as the sample. The study notes that
changes in the temperature and the rainfall
pattern can also change the yield, the cost, etc.
of the tea that is produced. Problems arising in
the cultivation process can affect the tea yields,
so the mitigation and adaptation procedures
identified by tea growers are put into practice to
minimize these issues.

GIS analysis was performed, based on the
monthly tea yields of 60 selected tea growers'
by conducting of interviews in 2017. Tea lands
were classified into 4 categories using GIS and
according to annual tea yield. Based on the
classification, very high, high, moderate and low
tea yield areas could be identified as in figure 2.

Physical Problems Caused by Extreme
Weather

Changing rainfall pattern and temperature
pattern can affect both the yield and quality of
cultivated tea. Several types of physical problems
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Figure 3: Rainfall, temperature and tea yield distribution of Study area in 2017
Source: Talawakelle Tea Estate PLC, Moragalla, Imaduwa and Field Observation

have occurred in this area due to extreme
weather. Physical problems can be identified
from the answers given in the questionnaire
survey. Changes in temperature largely affect
the new plantings. A considerable amount of
upturned soil is exposed in a new tea plantation
or on replanting. Therefore, excessive drying of
the soil can occur due to extreme heat or during
drought periods, and this can have a bad effect
on the quantity and quality of the tea output.
Tea Research Institute has clearly demonstrated
that under these conditions the temperature of
the tea leaves will increase by more than 5°C
above what is deemed ideal. This can be very
harmful to the tea tree, and the leaf will likely
shrivel up. Gravelly soil may be affected if
the ground heats up too much. The tea bush
is usually in best shape when the weather is
warm and wet. During prolonged dry and hot
periods however, tea plants suffer heavy damage
due to excessive drying of the soil and the
increase in heat. In comparison with previous

years, the temperature increased noticeably in
2016. Temperature rise directly affects the tea
production. In this case, the amount of tea leaf
that can be plucked is reduced. The quality of
the tea is also low. Smallholders also face this
problem. The temperature was high throughout
2016, and it was highest in April when it was
nearly 30°C. It was also found that some tea
fields in the study area have been abandoned
after 2016. The average temperature in the study
area in 2016 was 27.6°C in the shade, but the
actual temperature of the exposed tea trees was
higher by 5°C. That is, the temperature of the tea
tree’s foliage was about 32.6°C.

According to the chart in Figure 3, the month
of November 2017 returned the highest harvest.
According to the 2017 rainfall data, the highest
rainfall was also recorded in November at
574mm with the temperature at around 25°C.
This shows that the tea yield is high when the
rainfall is high. This chart was prepared based on
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the harvest of 60 selected tea growers; it shows
the rainfall data and the average yield of tea for
each month for the year 2017.

According to this chart, the lowest yields were in
February, March, April, May and August. When
the relative temperature drops, the harvest is low
and in the months with high rainfall the harvest
is much higher. In 2017 the rainfall was high in
May and November but there was a reduction
in the total number of rainy days. There was a
reduction in tea yield when there was a decrease
in the number of rainy days.

Problems Encountered in Tea Cultivation
due to Changes in Temperature and
Rainfall

Changes in the rainfall and temperature have
affected the tea yield. Ideal conditions are created
for the spread of diseases by extreme weather.
Increasing prevalence of biological diseases has
the effect of reducing the tea yield and tea quality.
The 60 tea growers surveyed in the study stated

Figure 4: Dying tea bush
Source:  Field observation, December 13.2017 (sample
number 16)
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that there was a variety of diseases afflicting tea
cultivation and that most of these were due to
the extreme weather conditions. It was clear
that this was a big problem for all tea growers
in this area at present. The dying of tea bushes
was a major problem and this was mainly as a
result of high temperatures. As tea shrubs died,
the tea lands would be diverted for cinnamon
cultivation. The following series of pictures from
figure 4 to 8 show the affected tea plants.

Tea Leaf Disease; Tea leal disease often affects
tea bushes and it is identified as a problem in
this area. Prolonged high temperatures are bad
for the tea leaf. Usually the tea leaf is green but
rising temperature can turn the tea leaf yellow.

Diseases Caused by Pests; It has also been
recognized that the tea-tree disease known as
“blister blight” tends to spread very rapidly when
there is a marked climate change. Additionally,
the damage caused by termites to tea trees tends
to increase at these times.

Figure 5: Dying new tea plantbush
Source: Field observation, December 2017
(sample number 16)
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Figure 6: Tea leaf disease Figure 7: Termite damage
Source:  Field observation, December 13, 2017 (sample Source: Field observation, March 26, 2018
number 19) (sample number 01)

Figure 8: Effects of extreme weather on tea cultivation
Source: Field observation 2017, 2018
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Conclusion

After mapping the region it was possible to
select the most tea yields production areas using
GIS. These areas were selected according to the
harvests from tea cultivation. It was possible to
clearly identify the southern part of the Hawpe
Grama Niladhari division as producing higher
tea yields. In the southern part of this area
rubber cultivation and large-scale home gardens
were rather widespread. Planting high trees in
home gardens is also suitable for tea cultivation,
because the tea shrub is a shade-loving plant. The
following conclusions can be drawn from this
study. Tea lands were being affected by weather
conditions. The 60 selected tea growers who
formed the sample of this study have also been
affected by the rainfall and temperature weather
conditions as shown in figure 3. Accordingly,
the changing temperature really affected the tea
plants, leading to a reduction in the quantity and
quality of the tea leaf. Changes in the rainfall
pattern also affected tea lands. It was observed
that soil erosion has increased in this area.

With the rise of temperature beginning in 2016,
many tea lands were abandoned the following
year. Extreme weather mostly affected the smaller
tea lands in the study area. The effect was most
pronounced in the half (0.5) acre plots.
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The abandoned tea cultivation lands were
usually converted to grow other crops.
Cinnamon cultivation was frequently carried
out instead of tea cultivation on the lands as a
result of increasing temperature. This is because
when the available income from tea cultivation
was reduced, the growers usually turned to other
Crops.

Total extent of tea cultivated land decreased
due to various developments in the Hawpe
Grama Niladhari Division. Many lands were
expropriated due to the construction of an
Expressway. At present, tea cultivation has
also reduced due to several other construction
activities. For example, people have now started
building new homes on tea land.

Most of the tea land owners make poor use of
the recommended clone. The use of a suitable
tea variety for extreme weather conditions was
also at a low level. The T2000 series 2025 type
was most commonly used in the area. Few of
them made use of the clones recommended for
extreme weather. New varieties of tea with better
weather resistance were not planted as often in
smallholdings compared to the large tea estates.



G.P.T.S. Hemakumara, N. K. G. Harshani and Piyadasa Hewage NeelaHaritha Vol.3, 2020

References

Adiningsih, Erna Sri. (2010). The Applications of Satellite Remote Sensing on Climate Change and
Food Security in Indonesia: Aerospace Analysis and Information Center.

Abeysinghe, S. B. (2014). Tea Research Institute of Sri Lanka. 228" Meeting of the Experiments and
Extension Forum

Cavan, G., Butlin, T., Gill, S., Kingston, R., & Lindley, S. (2014). Web-GIS Tools for Climate
Change Adaptation Planning in Cities. Handbool of Climate Change Adaptation. Springer Ver-
lag, Berlin Heidelberg, Germany.

Central Bank of Sri Lanka (1992). Central Bank Annual Reports of Sri Lanka
Central Bank of Sri Lanka (2017). Central Bank Annual Reports of Sri Lanka
Elena. (March 18, 2018). Top 10 largest tea producing countries in the world: Trader magazine

Li Liu, D., Timbal, B., Mo, J., & Fairweather, H. (2011). A GIS based climate change adaptation
strategy tool. International Journal of Climate Change Strategies and Management.

Ministry of Mahaweli Development and Environment ( 2015), Sri Lanka National Adaptation Plan
for Climate Change

Olufemi Adedeji, Okocha Reuben & Olufemi, Olatoye (2014). Global Climate Change: Journal of
Geoscience and Environment Protection , 2 (02), 114.

Karunaratne, G., Nissanka, S., Punyawardena, B., & Gunawardena, A. (2015). Vulnerability of tea
sector for climate change in the major tea growing regions in central hills of Sri Lanka. Journal
of Environmental Professionals Sri Lanka, 4(1).

Panabokke, C. R. (1996). Soils and agro-ecological environments of Sri Lanka: NARESA.

Science Daily (2017). Extreme weather events linked to climate change impact on the jet stream.
Pennsylvania State University

Wijeratne, M., Anandacoomaraswamy, A., Amarathunga, M., Ratnasiri, J., Basnayake, B., & Kalra,
N. (2007). Assessment of impact of climate change on productivity of tea (Camellia sinensis L.)
plantations in Sri Lanka. Journal of the National Science Foundation of Sri Lanka, 35(2).

33






Landslides: Linkages with climate change,
land use practices and land cover changes

Thanura Madusanka'*, Nishan Sakalasooriya®

'Faculty of Graduate Studies, University of Kelaniya, Sri Lanka

*Department of Geography, University of Kelaniya, Sri Lanka

*ntmsilval23@gmail.com

« Landslides have become a crucial and calamitous disaster in the disaster profile of Sri Lanka.

 Heavy rainfall and inappropriate land use practices are considered as the two major physical
and socio economic factors for triggering and occurrence of a landslide respectively.

 Additionally, the article explains this linkage with special concern to climate changes, land use
practices and land cover changes by using contemporary studies

Introduction

Recently, global warming has become one of the
most discussed topics all over the world. Among
the impact of the climate change, hazards and
disasters have become an ubiquitous situation
(Banholzer et al., 2013) for any geographic
region and illustrating the worst painting of
the catastrophic consequences of the extreme
climatic changes on the natural and manmade
environments.

In the local scenario, Sri Lanka is also challenged
with dynamic rainfall and temperature changes
(Silva, n.d.) When considering the variations
of rainfall, contemporary studies revealed that
Sri Lanka had depicted both increased and
decreased rainfall patterns and seasonal rainfall
patterns which had increased, especially in
Southwest monsoon (SWM) and first and second
inter monsoons (Karunathilaka et al., 2017)

Disasters and hazards of Sri Lanka are recurring
after weather incidents, and most of the
hazards of Sri Lanka are water-borne due to
either excessive rainfall (i.e. flood) or lack of
wetness (i.e. drought). According to the Disaster
Management Center, during 1974 — 2008, the
pioneer disaster (considering the impact on
people) was floods. Droughts and landslides
also had some contribution and recent records
show that the impact from landslides had also
increased.

Land use and land cover (LULC) of Sri Lanka
has considerable diversity in relation to the
terrestrial size of the island. The changes of
LULC are temporally as well as spatially due to
both physical topographical physiognomies and
anthropogenic activities. Elevation, landform,
and slope are examples for physical characters
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whereas economic factors (i.e. price and
demand) and social factors (i.e. poverty and
labour availability) are the human factors for
intervention of a particular LULC.

This short explanation focuses on climate
changes, LULC changes and hazards to identify
the linkages between these concepts in the
present day environment concentrating on a
case study of the highlands in Sri Lanka, and in
this perspective has shown, the multiple impacts
of climate change, which can be applicable to
disaster management process as well.

Overview of biophysical and socio-

economic background of Sri Lanka.

When looking at the topographical overview
of Sri Lanka, there are three regions, namely
coastal lowlands (CL - 30m -270m) uplands
(UL - 270m-1060m) and highlands (HL-910m
-2420m) (Gunatilake, 2016). Simultaneously,
there are two major climatic regions based on
the annual rainfall. And, the boundary of these
regions are based on the annual rainfall level as
isohyet 1905mm (Rathnaweera et al., 2012).
The climatic year of Sri Lanka consists of four
major seasons: First inter monsoon (FIM)
season (March- April), South west monsoon
season (SWM) — (May-September), Second inter
monsoon season (SIM) (October — November)
and North east monsoon season (NEM)
(December — February). From the above seasons,
usually the annual peak rainfall is denoted from
SWM. The areas located in the central hill region
have a peak rainfall, which is more than 3000mm
(Climate of Sri Lanka, n.d.).

The economy of Sri Lanka represents three main
sectors: Agriculture, Industry and Service. The
major contributor to Gross Domestic Production
(GDP) is the Service sector (57%) (Department
of Census and Statistics, 2017), although the
considerable amount of occupied headcount
(27%) goes to the Agriculture sector (ibid)
(Department of Census and Statistics, 2017).
Sri Lankan agriculture sector mainly consists
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of Paddy agriculture, plantation agriculture
(Tea, Rubber, and Coconut), vegetable and cash
crops and minor export crops. These are spread
in specified geographical regions of the island.
Most of LULC changes happen in the agriculture
environment and this study also focuses on
agriculture base of LULCs.

Physical specialties and social behavior in
the highlands

This explanation focuses on the UL and HL
(hereafter ULHL) areas. The area has a unique
complex of geomorphological characterishes
such as plateaus, high plains, valleys,
escarpments and slopes (Gunatilake, 2016). This
complexity and difficult access had prevented
human habitation during the times of ancient
kings, and these lands were usually covered by
natural vegetation. ULHL areas act as a platform
to originate water springs, catchments and shade
for first water drops of the river system of Sri
Lanka.

After colonization, the area became a hotspot of
plantation agriculture, and the most famous crop
was Tea. The human habitation of ULHL areas
spread paddy agriculture and mixed crops to
these areas. The ancient agriculture system, the
Kandian home gardens, had been conserving the
fragility of this complex land. Nowadays, socio
economic activities are increasing the population
pressure of the area.

Causes of hazards and disasters in the
highlands.

As mentioned above, the frequency of hazards
and disasters have changed and their impacts are
detrimental to the populace of the hill country.
When we take the most common disasters in the
wet zone, floods and landslides are caused by
excessive rainfall in the hazard susceptible areas.
The hazard incident becomes a disaster when
considering the number of people affected and
the damage caused.
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The risk of flooding and landslides is already
present in lowlands and highland sloped areas
respectively.

Here the focus is on landslides of the highlands.
It has become a prominent disaster after the
heavy rainfall of wet zone and the occurrence
of calamitous events in recent history. The
major triggering factor for landslides is heavy
rainfall (Polemio & Petrucci, 2000). Due to
climate change the rainfall intensity would be
increased (Rathnaweera et al, 2012) and it has
a possible effect on landslide frequency (ibid).
The relationship between landslides and rainfall
intensity is strong (Ratnayake & Herath, 2005).
The vulnerability to the hazard is increased
due to population pressure, land use and
economic issues. Increase of vulnerability causes
the high probability of a disaster happening.
Contemporary studies have identified several
anthropocentric activities which are the root
causes of disaster, and the LULC is one of the
major causes including human induced effects
of a disaster.

The authors have conducted a study on the
anthropocentric influences of previous landslide
occurred areas (Silva, T. M., & Sakalasooriya, N.,
2018a) (Silva, T. M., & Sakalasooriya, N., 2018b)
(Silva, T. M., & Sakalasooriya, N., 2018). It is
understood that LULC changes have an impact
on landslides.

Samasara mountain landslide -
Siripuragama

This study is focused on the Aranayake,
Siripuragama landslide that happened on 15th
May, 2016 with the burial of 127 lives (Perera,
et al, 2018) and properties. The landslide area is
located in the Kegalle District of Sabaragamuwa
province, Sri Lanka. The district is also one of
the districts identified as prone to landslides
(Bandara, 2013). The elevation varies from
50m to 1800m and covers all ULHL elevation
breakdowns, which are mentioned above.
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Figure 1 :Employment composition of Elangapitiya and
Debathgama Pallebage (GNDS)
Source - Silva, T.M., & Sakalasooriya, N., 2018a

Samasara (or Ramasara) mountain and the
landslide-prone area encompass a couple of
Grama Niladhari Divisions (GNDs): Elangapitiya
(EP) and Debathgama Pallebage (DP). Several
houses were scattered in the mountainous
area where the landslide occurred. This was a
calamitous landslide in the history of landslides
in Sri Lanka.

Livelihood status of the area

The explanation concentrates on socio economic
activities of the selected area. In 2016, there
were 1797 and 1504 people living in DP and
EP respectively. According to the employment
profile of the villagers, they were occupied in
several types of employment. However, here it is
categorized basically as land oriented and animal
husbandry (Primary economic activities).

According to figure 01, agriculture and animal
husbandry were prominent in both areas, but the
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majority goes to EP (Silva, T,M., & Sakalasooriya,
N.,2018a). The field discussion with the villagers
identified that most of the people had engaged in
agriculture for the purpose of additional income,
although they had another occupation. Here, the
prominent agriculture activity is tea planting.

Land cover and Land use (LCLU) pattern
of the area

Land cover is a physical view of a particular
land due to either manmade or natural activities
(Coffey, 2013). Land use consists of a series of
land operations and anthropocentric involvement
(Coffey, 2013). The study has been concerned
about spatial and temporal changes of the
land cover. The results regarding the temporal
analysis show that there were significant land
cover changes of the area within the past 60
years (Figure 2 ) (Silva, TM., & Sakalasooriya,
N., 2018a). Especially, the complexity of the
land cover became increased. (Figure 2) Here,
special concern was on three (3) characteristics
in the spatial pattern of the land use: crop types,
slope gradient and land processing.

Concerning the crop type, Tea, Rubber and Home
garden (HG) are dominant, and home gardens of
the area consist of minor export crops such as
pepper and cloves (Silva, TM., & Sakalasooriya,
N., 2018¢c) .The results due to complex LCLU
changes are directed through elevation and slope
gradient and land processing. Especially, the
slope gradient of the area varies from 0% to more
than 60% (ibid). According to the Land Use and
Physically Planning Department (LUPPD), it
should be natural vegetation on more than 60%
gradient slopes. However, here it was identified
that some manmade land cover (including Tea)
were also available in the steep slopes, and two
major manmade land cover (Tea and HG) have
been quantified in. figure 03. The graph shows
how temporal distribution of land cover existed
on steep slopes (Silva, T.M., & Sakalasooriya, N.,
2018b).
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It is noted that there are issues about steep
slope conservation due to high fluctuating
manmade land cover on the steep slopes, which
would have been covered by natural vegetation
previously. Steep slopes are fragile and risky
when their regular stability is disturbed. If an
improper agriculture system or technological
process is applied, that stability would be
disturbed and the area would become risky.
Less than 60% gradient slopes can be utilized
for some agriculture activities, and areas with
moderate slopes (17-60% slopes need proper
conservation methods and more than 60%
recommended forest and tree plants. (LUPPD,
2005) should be used with the application of
relevant soil conservation methods. However,
the field verification did not identify enough
usage of proper land conservation methods. In
this situation, slopes may become unstable with
a risk of collapse.

Good condition of a land is an essential for
proper agricultural practices. In general, the land
processing is done to enhance the condition.
However, sustainability of the land relies on
the limitation of the land processes that should
be applied. Land use analyses had found some
extraordinary situations where the bed rock
is exposed in the land (Figure 4). The field
discussion identified this as a result of land over-
processing.

The maps show the spatial and temporal
expansion of the rock and it can be seen
spreading through the steep slopes, with only a
limited number of land conservation methods
on the slope. In addition, the area is exposed to
excessive land preparation, showing a very poor
system of land management.

The landslide which occurred in 2016 has not
been the only one, as there is also evidence from
the history of paleo landslides (Perera, et dl,
2018). Thus, we can say the area is physically
prone to landslides.
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Conclusion

Anthropocentric activities and mismanagement
of land had made the area (hill country) prone
to landslides under heavy rainfalls. Thus,
the land stability had been minimized when
facing extreme weather conditions. The case of
Samasara mountain landslide shows that the
landslide prone area has the danger of receiving
excessive rainfall. It seems that the land use

practices had united with the extreme climate
changes to maximize the disaster. Therefore it
is especially recommended to apply sustainable
land use practices in this kind of fragile area
ensuring the livelihood of the residents and
the safety of property as climate changes are
a continuous process and the application of

sustainable practices would enhance resilience
from the risk of disasters.
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Perception of people to Chronic Kidney Disease of
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in Padaviya Divisional Secretariat area in Anuradhapura
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There is a spatial variation of the Chronic Kidney Disease of unknown etiology (CKDu)

in Padaviya.

« Though there is no proven exact cause for CKDu, there are high-risk factors.

« Poor quality drinking water is the highest risk factor as perceived by people.

 Multi - disciplinary research is needed to mitigate the issues with CKDu.

Introduction

The health sector is a major area of focus in
the National Adaptation Plan (NAP) to Climate
Change. The adaptation plans could vary for
different health issues. This paper assesses
risk factors of the Chronic Kidney Disease of
unknown etiology (CKDu), which is a major
health hazard in the dry zone of Sri Lanka, where
climate change could contribute to an increase
in the risk.

Non-communicable  diseases, which are
rapidly increasing in both the developed and
developing countries, contributed to about 58
million deaths which occurred in 2005. The
Chronic Kidney Disease (CKD), which is one
of the rapidly increasing non-communicable

diseases, affects one in 10 adults or over 500
million people worldwide (Davids, 2014). The
World Health Organization (WHO) has reported
over 35 million CKD related deaths in 2005
(WHO, 2018). Within the Asian region, India,
China, and Sri Lanka have high prevalence of
CKD annually (Jayasinghe, 2011). Despite the
increasing prevalence and fatalities, the exact
causes of CKD remain unknown (International
Society of Nephrology, 2017).

With huge expenses for treatment, the CKD
is becoming a global public health problem.
For example, over 30 million CKD patients in
the USA, and over 37,000 in Japan report for
kidney dialysis every year. The annual cost of
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dialysis and kidney transplantation alone range
between US$35,000 and $100,000 per patient
(International Society of Nephrology, 2017).
The expenditure incurred for treatment of CKD
is large due to late identification of the disease.
Most CKD patients detect the disease when
they require dialysis or kidney transplantation.
Therefore, CKD is becoming a huge economic
burden, especially for the low income countries
(Davids, 2014).

The common risk factors for CKD are Diabetic
Mellitus, Hypertension, Vascular diseases,
Glomerular diseases, Tubulointerstitial diseases
and Urinary tract obstruction (Gunatilake, et al.,
2015; Mahon, 2006). All risk factors for CKD
can be divided into three categories, as fixed,
behavioral and biomedical. Fixed risk factors
cannot be separated from birth such as family
history and genetic, increasing age, previous
kidney damage, low birth weight, and gender, etc.
Behavioral factors are tobacco smoking, physical

inactivity, and poor nutrition. Biomedical factors
are diabetes, high blood pressure, cardiovascular
disease, overweight and obesity (Jayasinghe,
2011). Most countries, including Sri Lanka,
have formed their own institutions to address
the CKD related issues.

In Sri Lanka, the first CKDu patient was
reported in Padaviya area in the Anuradhapura
district in the early 1990s. Most CKDu affected
patients reported are in the North Central
Province (NCP) of Sri Lanka, especially in
the area of Dehiattakandiya, Girandurukotte,
Kabithigollawa, Medawachchiya, Medirigiriya
and Nikawewa (Gunatilake et al.,2015). After
the first reporting of CKDu in the NCP, the
disease was increasingly reported in other areas,
especially in the dry zone of Sri Lanka. The NCP,
the largest province of the country with 10,723
km % area or 16% of total land area, consists of two
districts, Anuradhapura and Polonnaruwa. There
are 29 Divisional Secretariat Divisions (DSD) in
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NCP i.e. 22 and 7 DSDs in Anuradhapura and
Polonnaruwa districts respectively (Gunatilake
etal.,2015). NCP had a population of 1,259,567
by 2011.

Objectives
The research in this paper has three objectives:

»  Identify spatial distribution of CKDu and
risk levels in Padaviya area in Sri Lanka,

*  Analyze perception of the people in
Padaviya area and by various scientists
and institutions on the current risk
factors, and

e Suggest potential solutions to mitigate the
risk factors of CKDu in Padaviya having
taken into consideration the perceptions
of the CKDu victims of the area.

NeelaHaritha Vol.3, 2020

Methodology

The study used both primary and secondary
data. Secondary data are from the DSD offices.
Primary data are from a simple random sample
of 57 households selected based on prevalence of
CKDu from two Grama Niladari (GN) divisions,
Sudharshanagama and Urewa in Padaviya DSD.
Sudharshanagama is the GND with the highest
CKDu prevalence, and Urewa has the lowest
CKDu prevalence. Interviews of key persons
provided the qualitative data. The analysis uses
the mixed method and Geographic Information
System (GIS).

Results and discussion

The analysis of spatial distribution of CKDu in
Padaviya DSD area show clear difference between
the GND divisions. Total of 704 CKDu patients

Table 01 : Total number of CKDu patients reported in Padaviya DSD by July 2018.

Name of GN Division No. of Family No. of Persons No of CKDu_patients
Bisokotuwa 389 1168 12
Padaviya 583 2169 26
Sudharshanagama 652 2583 100
B Yaya 663 1989 75
Buddangala 502 1431 52
Parakramapura 623 2298 79
Elikibulagala 520 2212 29
Maithreepura 461 1468 78
Abhayapura 526 1728 46
Kubhukwewa 442 1749 44
Urewa 63 172 5
Mahasenpura 426 1328 24
Ruwanpura 379 1407 35
Bogahawewa 675 2695 57
Balayawewa 321 1041 42
Total 7225 25438 704

Source: Divisional Secretariat office, Padaviya-2018.
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were identified by July 2018 in Padaviya DSD
area, which has 15 GN divisions. Further, Table
1 shows the number of CKDu patients reported
by GND level up to July 2018.

Based on the prevalence of CKDu, GNDs
have been divided into three groups as high,
moderate and low-risks areas. Four GN i.e.
Sudharshanagama, Track B, Parakramapura,
and Maithreepura belong to high-risk area, six
GN divisions belong to moderate- risk and five
GN divisions belong to a low-risk area. Figure 1
above shows that the spatial distribution of risk
level and the total CKDu patients reported in each
GN divisions by 2018 in Padaviya. Table 2 below
shows people’s perception about the risk factors
of CKDu in Padaviya area with and without
CKDu patients.The various risk factors of CKDu
reported in the literature, include lack of clean
drinking water, agrochemicals, consumption of
alcohol, change of traditional food pattern, use
of aluminum utensils for cooking instead of clay
utensils, snake bites, living in environment with
high temperature, etc.These seven factors were
analyzed separately to assess people’s perception
of risks. Among the sampled farmers, 98% believe
that CKDu is caused due to lack of clean drinking
water. People’s perception is that the surface and

underground water have been contaminated
due to natural and human activities. The major
source of drinking water supply in Padayvia GN
is the well. Most of these wells may not be safe
for drinking water because of their locations
near agricultural fields and also due to poor
construction. Hence, most of these wells are
likely to be contaminated with agrochemical
residues. Padaviya area has frequent droughts,
and as a result, the water level of the wells goes
down by more than 50 feet. During the drought
period, quality and the quantity of drinking
water supply is reduced rapidly in this area.
Therefore, people in Padaviya area use drinking
water after purifying the water using water
filters with Reverse Osmosis (RO) technology as
a solution. Purified water is costly, and people
spend more than 2000 rupees per month for a
family. High cost is a major constraint for access
to clean/purified drinking water.

Within the sampled households, 79% of people
believe that the use of the high amount of
agrochemicals is a major cause of CKDu. More
than 61% percent of people practice agriculture
as their livelihood. As a result, most farmers have
frequent exposure to agrochemicals due to the
usage of unsafe methods.

Table 02: Perception of people about some risk factors for CKDu in Padaviya

Risk Factors Household with patients Household without patients | Total
Agree Disagree Moderate Agree  Disagree Moderate

Lack of clean drinking water 21 0 0 35 01 0 57
Excessive use of agrochemicals 15 02 04 30 03 03 57
High consumption of alcohol 05 14 02 11 16 09 57
Change of traditional food 09 06 06 17 06 13 57
pattern
Use of aluminum utensils for 06 09 06 13 04 19 57
cooking
Snake bite 07 12 02 03 23 10 57
Living environment with high 05 10 06 08 18 10 57
temperature

Source: Field survey data conducted by the researcher in 2018
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Another perceived risk factor for CKDu is the
change in food consumption patterns. Within
the sample, 45% believe that change of the
traditional food pattern is a cause for CKDu.
Although Padaviya is in a rural area, the food
pattern has been changing as in the urban
areas. According to the older population, some
traditional healthy food such as Kurakkan,
Manioc, Tamarind, certain kinds of leaves, etc.
are not frequently used in the present day food
consumption patterns.

Among the sampled households, 33% believe
that the use of aluminum utensils for cooking,
28% believe alcohol use and 22% believe living
environment with high temperature are major
reasons. Another 17.5% think that snake bite is
a cause for CKDu.

Survey shows that the peoples perception of
some risk factors is similar to those presented
by various researchers, but the level of belief are
different. The perception of the survey shows
that lack of clean drinking water, agrochemicals,
and food pattern change are the highest risk
factors. However, CKDu can be identified as a
social hazard, because within the 57 samples,
21 CKDu patients were found and most of them
were in the last stage of the disease. The male
population between 35 to 65 years old is most
vulnerable to CKDu in Padaviya area.  Their
major livelihood is agriculture and they belong
to the lower income category. A considerable
number of new CKDu patients are reported
annually. Survey results show that a CKDu
patient spends 10,000 rupees per month on
average for treatment, while the Government
provides 5,000 rupees per month as subsidiary
per person. Therefore, due to low income, more
than 90% of CKDu patients request a grant of at
least 10,000 rupees per month per patient from
the government.
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Conclusions

It is evident that CKDu is a major social hazard
in Padaviya area. However, the reason for CKDu
remains as an unknown etiology, although there
are several high-risk factors. Therefore, while
conducting research for identifying the exact
cause for the disease, it is time to take action to
avoid identified risk factors. For example, most
researches as well as the people in the area, point
out that the poor quality of the drinking water is
the major reason for CKDu in Padaviya and other
areas in the dry zone of Sri Lanka. Although the
magnitude is unknown, the quality and quantity
of groundwater available for drinking are likely
to change with climate change. However, there
is no proper program to provide clean drinking
water for the people to mitigate the risks. The
solution of purified water, using filters or
purchase from traders, is costly. The high cost
is a burden for the poor people living in this
area. Hence, the Government should be directly
involved in solving this issue.

Reduction of excessive use of agrochemicals
and introduction of organic manure for
agriculture could mitigate the risks.  But,
there are no promotional programs to increase
organic fertilizer use to mitigate risks. Both
structural and non-structural measures should
be taken to mitigate this problem. Often, the
responsible officials pay their attention only
after the identification of CKDu patients. There
is no program for early identification of patients
through regular health check-ups at village level.
It is essential to conduct awareness programs
for early identification and monitoring of CKDu
patients at village level. Awareness programs,
especially in high risk areas of the CKDu,
regarding the ways of reducing risk factors, such
as avoiding alcohol, consuming more traditional
food varieties etc.could also mitigate the risks. All
parties i.e.people, responsible institutions and
researchers in various fields should get together
to find a sustainable solution for this problem.
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o Natural hazards, including floods, extreme rainfall, minimum and maximum
temperatures, consecutive dry days and droughts, earth slips and landslides, fog and
smog expose road infrastructure and transport.

 Zonation of the country based on vulnerability to disasters helps road sustenance and

transport.

o A road disaster risk index based on vulnerability can classify road sections and
Divisional Secretariat areas to prioritize maintenance, and enhance resilience against

disasters.

Importance of roads

Roads are vitally important for the connection
of people, goods and services. Roads facilitate
easier access to employment, social, health,
educational, and many other services, and
hence are essential for economic and social
development and poverty reduction. Therefore,
road infrastructure, such as bridges, culverts,
road-side drainages, retaining walls, traffic
light system, and control poles, is one of most
important public assets. Road transportation
has two sub-functions, namely, mobility and
accessibility. In times of disasters, roads provide
a vital link to emergency services, essential
transport of personnel and goods, rescue and
relief operations, as evacuation routes. They
are critically important to mitigate secondary

impacts of the disaster, like rescue missions,
safety and aid supply for the impacted people.
Therefore, the risk assessment of the road sector
due to natural disasters is vital.

In Sri Lanka, the transportation sector is one of
the major contributors of greenhouse gas. This
includes not only road transportation but also
railways, air and sea transportation. However,
road transportation plays a dominant role in
the arena. The road transport accounts for 93
percent of passenger travel and 98 percent of
freight transport as stated by Kumarage, 2010.
Therefore, improvement of road transportation
is essential and critical for the continued
development of the country.
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Road sector of Sri Lanka

The road network in Sri Lanka, other than
expressways, is broadly classified into national,
provincial, and local roads, according to their
functionality and management. While the
national roads, classified as A and B class roads,
are managed by the Central Government,
through the Road Development Authority
(RDA), the provincial roads, classified as C and D
class roads, are managed by respective Provincial
Councils (Table 1).

Currently, the RDA manages Expressways (169
km) and A and B roads (12,210 km) while

the nine PRDAs have about 300,000km under
them (Figure 1). All these roads are important
for the operation and functioning of the day to
day life and the overall economy of the country.
They also act as the arteries that provide supply
material and services to peripheral areas at all
times since the railway has limited reach to
rural locations. The jurisdiction of 12,340 km of
roads is under the Road Development Authority.
(Table 1). Within the road sector, buses dominate
the passenger transport section (University of
Moratuwa, 2011).

Table 1 : National Highway in Sri Lanka (Class "A", "B", & "E" Roads)

Road Class Road Length (km)
Class "A'" Roads 421742 km
Class "AA" Roads 3,720.31 km
Class "AB" Roads 466.92 km
Class "AC" Roads 30.19 km
Class "B'" Roads 7992.94 km
Total of "A" & "B" Class Roads in Sri Lanka 12,210.36 km
Class "E" Roads (Expressways) 169.13 km
Grand Total of National Highways in Sri Lanka ("A", "B' and "E" Class Roads) 12,379.49 km
Class "E" Roads (Expressways)
Route Number Road Name Road Length (km)
E001 Southern Expressway 124.08
E002 Outer Circular Highway 19.245
E003 Colombo-Katunayake Expressway 25.80
Total of Expressways 169.13

Source: Road Development Authority of Sri Lanka

Road infrastructures are most essential as
roads itself. Road infrastructure, which adds
value to the functionality and safety of users,
requires proper attention in construction and
maintenance. Failures of road infrastructures and
road signage create tremendous negative impacts
on road functionalities especially during disaster
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situations. (Sri Lanka Floods and Landslides -
Rapid PDNA Report, May 2017)

Current demand for Road transportation

As specified by Kumarage (2010) on Review of Sri
Lanka Transport Sector, Sri Lanka incurs a huge
economic loss of around Rs. 40 billion annually
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Figure 1: Road map of Sri Lanka

due to road traffic congestion and air pollution
with too many vehicles on a limited road
network. "Unless the authorities take measures
to modernize and improve public transport, the
country cannot curb this massive, unproductive
cost", noted a University of Moratuwa transport
and logistics management expert. On average
250,000 vehicles, 15,000 buses, 10,000 trucks
and 225,000 private vehicles enter the capital city
of Colombo daily. Around 2.7 million vehicles
use the road network daily in the country,
although the number of vehicles registered was
over 4.4 million vehicles.
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Future road transportation demand

With the anticipated 6 to 8 percent growth in
GDP, it is expected that the demand for passenger
mobility will also increase at around 7 to 9
percent (Kumarage, 2012). Based on historical
trends, the demand for passenger mobility is
expected to double in 8 to 10 years. In addition
to this, if the current rate of shift from public to
private transport continues at 1-2%, this period
will be reduced to 7 years. If public transport
deteriorates further or if taxes on vehicles and
fuel are reduced further, this could reduce a
further 1-2%, then the time for doubling road
space would reduce to 6 years. This demand
will put enormous pressure on the transport
infrastructure especially the road network,
mainly in urban and suburban areas where the
growth in economic activity will concentrate
(Kumarage,2012)

Major natural disasters that impact on
road sector of Sri Lanka

The floods, extreme rainfalls, higher day and
night temperatures, consecutive dry days
and droughts, earth slips and landslides, fogs
and smog affect roads and infrastructure, and
those in turn affect land transport operations
as presented in Table 2. The disaster damages
and losses varied geographically, depending
on the degree of flooding, and the occurrence
of landslides. The total assessed losses due to
natural disasters to the transport sector alone is
LKR 13,076.2 million in year 2017 (Sri Lanka
Rapid Post Disaster Needs Assessment, 2017).
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Table 2: Impacts of disasters on road transportation

Disaster situation

Impacts

Extreme rainfall events
resulting unsafe driving
conditions and floods
and inundation of
roads

Low visibility, especially in the coastal and mountainous regions
Traffic hindrance and safety issues

Increase of seepage and infiltration pass

Increase of hydrodynamic pressure on roads

Decreased cohesion of soil compaction

Overtopping and wash away of roads surface and subsurface

Washed out sections of the roads and associated infrastructure

Excessive Seasonal and
annual average rainfall
resulting in inundation
of roads and earth slips

Impact on soil moisture levels, affecting the structural integrity of roads,
bridges and tunnels

Difficulty to carry out repair works with asphalt laying and other
maintenance work

Adverse impact of standing water on the road base structures

Risk of floods from runoff, landslides, slope failures and damage to roads
if changes occur in the precipitation pattern

Damage to signals and other transport infrastructure

Higher maximum
temperature (day
time and night time
temperatures) and
higher number of
consecutive hot days
(heat waves)

Concerns regarding pavement integrity, e.g. softening, traffic-related
rutting, embrittlement (cracking), migration of liquid asphalt

Thermal expansion in bridge joints and paved surfaces

Impact on landscaping

Heat may break soil cohesion and increase dust volume which causes
health and traffic accidents

Discomfort and health issues to passengers and pedestrians

Absorption of heat on road surface which may release or reflect them
towards residential and occupied areas may increase the energy
consumption

Drought (Consecutive
dry days)
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Susceptibility to wildfires that threaten the transportation infrastructure
Damage to road signage’s directly due to fire hazards

Increased dust making driving more exhaustive and difficult for
pedestrians and residents along road sides

Consolidation of the substructure with (unequal) settlement as a
consequence

More smog
Unavailability of water for compaction work
Drought decreases number of plants along roads and landscapes

In areas with high tendency to form dust, road construction and
maintenance work will cause severe discomfort and health problems
and may even delay the construction activities
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‘ Disaster situation |

Impacts

Fogs (usually in .
mountain regions) .

Smog (usually in dry .
lowland urban areas)

Traffic hindrance and safety issues to drivers
May result in health problems to asthmatic patients

Traffic can be disrupted but the worse conditions which have been
reported in areas like New Delhi with huge pollution issues are not yet
reported in Sri Lanka

* May result in difficulty in driving in the night due to deflection of

headlights

e May result in health problems to asthmatic patients

Climate change projections and potential
natural disaster risk in the future for Road
Sector

Future projections for rainfall and temperature
developed for the Climate Change Risk
Assessment Project are used for discussion
of disaster risks in the road sector of this
paper. Representative Concentration Pathways
(RCP) 8.5 is the business as usual scenario
considered for the paper for year 2030. Climate
change projections are derived from the
climate models using information described
in scenarios of greenhouse gas (GHG) and air
pollutant emissions and land use patterns.
The standard set of scenarios used in the Fifth
Assessment Report of the Intergovernmental
Panel on Climate Change (IPCC AR5) is called
Representative Concentration Pathways (RCP).
The RCPs describe four different 21* century
pathways of GHG emissions and atmospheric
concentrations, air pollutant emissions and
land use. The RCP 2.6 represents low emission
scenario, RCP 4.5 and RCP 6 represent moderate
emission scenario while RCP 8.5 represents high
emission scenario.

This assessment particularly uses rainfall and
temperature future scenarios downscaled by
Department of Meteorology Sri Lanka (Figure 2
Average annual rainfall anomaly 2030).

As per the maps, anomaly of average annual
rainfall, defined as sum of daily rainfall for a

lengthy period of time (here itis 30 years anomaly
which is the difference of the average annual
rainfall between present-day and year 2030) is
high in Wet zone of the country, particularly
parts of Ratnapura, Colombo, Kalutara, Galle,
Kegalle and Matara districts. With the heavy
rainfall probability for floods, flash floods,

Sri Lanka : Average Annual Rainfall Anomaly, 2030
(RCP 8.5)
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Figure 2: Average annual rainfall anomaly 2030
Source: Climate change Risk Assessment of Sri Lanka,
2018, ADB TA - 8572 - Un-published
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Sri Lanka : Average Annual Maximum Temperature
Anomaly, 2030 (RCP 8.5)

Figure 3: Average annual maximum temperature anomalies
for year 2030

Sri Lanka : Average Annual Minimum Temperature
Anomaly, 2030 (RCP 8.5)

dadeedie Sen

Figure 4: Average annual minimum temperature
anomalies for year 2030

Source : Climate change Risk Assessment of Sri Lanka, 2018, ADB TA - 8572 — Un-published

cutting failures and landslides are increased.

Below presented are the maximum and minimum
temperature anomalies for year 2030.

As shown on the maps (Figure 3 and 4) of
average annual temperature (average of the
temperatures of a year) anomaly for maximum
and minimum temperatures, the average annual
maximum temperature anomaly for 2030, is
low (0.81 - 0.9); in average annual minimum
temperature anomaly is comparatively high (0.9-
1.0) for entire country except for a small region in
North West. However, positive anomalies of the
temperature, consecutive dry days and number
of drought events may increase in future.
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Identification of disaster risk management
options for road sector against future
demand and climate projection in Sri
Lanka

The strategy for recovery and to undo the
effect of damages to the road sector is to restore
accessibility, connectivity and mobility, as well
as to improve upon previous conditions by
repairing damages with preventive measures, so
as to avoid similar damages in the future. (Sri
Lanka floods and landslides RPDNA report,May
2017).

Considering the various disaster situations that
may be experienced in the road development
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and management and maintenance, it is worth
considering various options and strategies
that could reduce the cost and increase the
effectiveness of the disaster resilience of the road
sector. In this regard, it may be worth introducing
the following:

1. Zonation of the country considering
different disaster types and their impacts on
the road and their sustenance; such zonation
will help the EIA (Environmental Impact
Assessment) process as well as the road
planners to choose areas that are least prone
when exploring the options/alternatives
available

2. Introduction of a road disaster risk level
index based on the disaster vulnerability
and resilience in each zone, so that the
residents and the road users are aware of the
level of risk posed under different disaster
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3. Identify and classify the road sections and
DSD areas that may have high vulnerability,
if exposed, to be damaged so that the
maintenance programs can focus and give
priority to such areas/sections/points.

According to the annual average rainfall map
of 2030, Wet Zone will get higher rainfall and
therefore, flood risk will be increased. As shown
in the map, Colombo, Kalutara, Ratnapura,
Kegalle, Galle, Matara, Ratnapura, Nuwaraeliya,
Kandy and Gampaha districts are highly
vulnerable to the higher rainfalls and floods.

A road project can be categorized into three
main phases, planning/design and construction
and maintenance phase (Table 3,4 & 5).

situations
Table 3: Disaster risk reduction measures for Floods and Heavy rains
Phase Road structure/ Flood plains (in urban and rural areas) Floods & heavy
Infrastructure  rainfall
Road * Introduce a classification index to identify the road sections
Planning that are susceptible/vulnerable to natural disasters to enhance

public/user knowledge

* Initiate a natural disaster-prone area mapping similar to
landslide prone maps to identify those areas subject to
common natural disasters.

* Prepare road traces and alternate routes avoiding
environmentally sensitive areas

¢ Include climate and natural disaster risk assessments in the
EIA process
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Phase

Road structure/
Infrastructure

Flood plains (in urban and rural areas) Floods & heavy
rainfall

Road design

Avoid high flood risk areas

Consider the 100 year flood level and the rainfall intensity of
the area

Raise the road level to avoid inundation

Pave road surfaces

Ponds (retention/ detention) areas to manage flow of water
Use groins and dams to control floods

Introduce flood control measures as part of the road designs
Preserve top soil in earth burrowing

Improve soakage damage potentials of surface and subsurface

Evaluate the land use activities in and around disaster prone
areas to check on presence of triggering factors that should
be addressed

Drainage

Improve cross drainage (culverts, bridges and spillways)

Ditches and drains
Permeable road

Install debris deflectors
Underdrain

Scour checks

Cut-off ditches

Gradients of the road surface

Supporting road
structures e.g.
Embankments,
causeways and
other similar

Avoid areas with high vulnerability to floods
Construct embankments in areas with potential floods

Assess and raise the embankments and other structures to
meet potential high flood situations

structures
Road * Design and install warning road signs, visible clearly even in
infrastructures the flood situations.

and road signage

Traffic
management

Consider the traffic management under disaster situation in
areas with potential for flood impacts rather than the normal
vehicle flow

Consider construction of access roads to higher elevations for
areas with flash flood threats
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Phase

Road structure/
Infrastructure

Flood plains (in urban and rural areas) Floods & heavy
rainfall

Maintenance
phase

e (lear and clean culverts and drains

* Ensure the safety of flood prevention structures that prevent
flooding of the roads

* Maintain road signage boards and update accordingly (for
newly identified risk areas)

* Introduce insurance schemes for critical structures that may
get damaged due to floods

* Research to be carried out on low cost technological
interventions to prevent flood damages and to do quick

repairs to flood damage roads

Table 4: Disaster risk reduction measures for Heat and Drought

Phase

Road
structure/
Infrastructure

Heat and drought

Planning

* Plan to introduce tree cover to compensate for the loss due to
road construction

* Introduce facilities for rest areas for the travelers as part of the
road plans to ensure that road users are not subject to fatigue
and travel stress during long distance driving.

* Include avenue tree planting and other tree cover to be part
of the road design and construction both in urban and rural
areas

* Avoid those areas that are protected for watershed qualities
and forest conservations

* Carry out the disaster assessment as part of the EIA

Road design

* Introduce trees and other shelters as a part of road landscape
to prevent high level of heat stress during hot days

» Have sheltered pavements for pedestrians specially in the
urban areas

 Introduce skid resistant road surfaces and avoid sharp bends
in the design

Supporting
road
structures e,g.
embankments,
causeways and
other similar
structures

» Have preventive walls to cover the earth embankment and
slopes with grass to avoid generation of dust during dry
periods
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Phase Road Heat and drought
structure/
Infrastructure
Road Have clearly visible road signs and introduce new signs where
infrastructures the surface may get affected due to heat stress.
and road Provide watering points as part of road landscaping to reduce
signage heat risks and to those pedestrians using the roads in urban
areas
Traffic Avoid vehicle congestion in urban areas as stranded traffic
management add to emissions and particle concentration in air, causing
health problems
When possible introduce uniflow traffic whenever other
means of traffic management is unavailable
Maintenance Maintain road signage boards and update accordingly (for
phase newly identified risk areas)
Use digital signage to make the visibility high
Introduce insurance schemes for costly structures
Research on the skid resistance surface laying which also
withstand the heat stress related impacts
Provide resting areas and other facilities needed for long
distance travelers along the roads to avoid fatigue that results
under heat conditions
Plant new tree and shrubs varieties suitable for road sides
that are resistant to strong wind damages
Table S: Disaster risk reduction measures for Earth slips and Landslides
Phases Road structure/ Mountainous areas
Infrastructure | Earth slips & Landslides
Road » Avoid high risk areas or consider possible disasters of the

planning and
design

area during the design phase of the road

* Incorporate soil erosion and earth slip prevention
techniques for the road as well as surrounding areas

* Introduce retention walls and groins to help stabilize cut
slopes and banks

* Conduct a complete hydrological evaluation of the
proposed construction as part of the Environmental
Assessment Impacts and make suitable recommendations
to minimize potential damages to hydraulic dynamics.

» Improve cross drainage (culverts, bridges and spillways)

» Ditches and drains

* Permeable roads

* Install debris deflectors

58




A K Jayatilake and U.M.Abeysinghe

NeelaHaritha Vol.3, 2020

Phases

Road structure/
Infrastructure

Mountainous areas
Earth slips & Landslides

Underdrain
Scour checks
Cut-off ditches

Gradients of the road surface

Supporting road
structures e.g.
Embankments,
causeways and
other similar
structures

Retaining walls for erosion prevention

Grass sodding Groins (stream or longitudinal erosion
condition)

Avoid ponding of water in areas where the landslides can
happen

Road
infrastructures
and road signage

Warn users with advance notice of possible earth slips and
rock falls during heavy rains.

Consider restricting usage of these roads and provide
alternatives during potential disasters

Traffic
management

Introduce measures for the evacuation needs during
potential landslides and traffic disruption.

Provide provisions for the movements of earth vehicles
and emergency evacuation and relief operations in
landslides prone areas

Maintenance
phase

Clear and clean culverts and drains
Inspect and repair of erosion protection and scour checks

Maintain road signage boards and update accordingly (for
newly identified risk areas)

Introduce insurance schemes for repair of costly structures
Support research on designs for the prevention of earth
slips

Identify the potential damages and areas that may be
affected due to landslides and cut failures

As mentioned, fog and mist have not created
major hazard conditions. Hence, it may be
sufficient at present situation to give sufficient
warning on such areas where the fog and mist

are commonly encountered during certain times
of the year. Also, educating the public through
general awareness is useful on how to drive
safely under fog affected conditions

59



Enhancing the capacity of the road sector in Sri Lanka
to withstand climate change risks

References

Climate Change Risk Assessment of Sri Lanka, (2018), ADB TA — 8572 — Un-published
Kumarage A. S. (2010) Review of Sri Lanka Transport Sector

Kumarage A. S. (2012) Sri Lanka Transport Sector Policy Notes, World Bank Sri Lanka

Ministry of Disaster Management & Ministry of National Policy and Economic Affairs in collaboration with
the United Nations, World Bank and European Union (2017) Sri Lanka Rapid Post Disaster Needs
Assessment Floods and Landslides, Pp 119 -129.

http://www.dme.gov.lk/index.php?lang=en (Accessed: 20" March 2019)
http://www.rda.gov.lk/source/rda_roads.htm (Accessed: 20" March 2019)

https://www.nbro.gov.lk/index.php?lang=en (Accessed: 5" April 2019)

60



efeam Sobrs ®Hed OO EDOD e DT

e clened
DD b BRBedem Dbmd w8e® DviaSe,
edoqen Subnie eCm® ®ibwies, ©sBeid @®imsinn
susanthauoc@gmail.com

g »aen BT RO ©8n Seed B S0 axPbnme 8, @t @ IeRtnd
230D ®2 ©2DVIRGS.

guye maen B33 B¢ 05 CAD @Dy ) WIBW®S B e@® ©8ess sdBe 8edm
@ 28000 D3mOBS ©OSDD aldBe ©BdLBEE eRLe HEBNEOD & o,
@B 00 D1¢OB® 8 BlBe ecnd 8wy cRE.

200RIDE, euies e, ®IRTDECIEBD, ey comd, GO ©I08, cdenow,
pH @0z’ © ceo@sd 91cond §Bm106 gug mieh @i DR OO Be®I gsd
DRe6s’ AELIT) CRAD &m0, 98 EowunIed Ik gy mieh Jedsn amnd
edmes @d.

QededBwiy sbedse D@ 085 edngen Dubuin yedimdm OGO amd
CBBOB v 0® B ¢B86 (S adim® eRs §yg ®O0® @ug wWi®, emISm
08, BBERD ©oDRC 0 FERS BEEEBD RS eBned GYg mien DEO OB
PCE® 00D IO FUBEBHE IO (D).

elonen Dubnies eBneds’ g mien @ursS gdImDO DD ©8eln wdBw:s
RO GedimUmB a8 amd® mien HNB wodPeeny BTy DD HE@IBHO SeBO

BB 0®® wsluded yiBrnmdn YT BE HSed.

T3]

e maen BB GO ©8nm Seed 805850
am)bmmE g, ©uds @ DRG0 o
8e000ews’ Gt D eI0NRGS. ©®©®
DI @D DR eMmLIO BE VOBD s
Seode DRO ©@mmdeS ¢S &m0, InHd
s8esde ne 808 O @3 "gyg maes” (sea
grass) eGwe »EsoE CRE. @8 miem @
@@ IS ® ®EY w80 nE B OE®
Ees pEe0 888 @ »S ©20®0 Dxism &
a8 amd B 70 3 s®en ©1@J ©nd BSEed

2 oD e0® Gy maem Dm0 O a (Sced
©@@0000a @x® - 'turbidity). §y¢ mees SIS
B8 @ ©ernd e O amd (O ded
8Bu» 70-100 gmd mices e & ©8em®wnd
CS § Deodewud.

e®® a1 deodved @B D¥YG BERe®
g O, wp), B&IBIHC ¢§), eedewi® @w» G
BEewBs’ BO53TD 0d. e®ed w®HNC dews
Do OBS ¢ OB wOHO Seds SEw OBsic

61



elaner dubuie ¥Eed @MV CHOD Yyt e

B0IOHE ©d. D, DD Ybidems @B ¢
e®® maeh QIOE DvidHe Beed.

e®® 830 ¢RBw 08es8m Bcri’en Dnens’
016058 BB’ des 9wy CAS. ceinden
eCH KUBm BIoicma, e @I D
eI ©Two D0esedD0s (B, R WIBEBBIO
@000 180, aDE®8» O B Tencs
BEO o eofes ©ebd Dfwmcens ¢odw
©BeHs3 WE PG, Devigasied sbedse DEO
25D, BOEmD DEIBE BE Yo Dieh SOHD
geden D88 21 penwrs v®en D033y EBTH
c3e800 8358, @D ¢8 e BEE»HWO S §
Bedens’ O Gyg 993 (Dugong) o emg
1630703 (Green turtle) E@ivs3z0 @10 DESS
90% = ©sOw® Gy maen DO OB CAE.
Gue meen ©bwded ©sdSm ewIsm, $tEs
Bepusd@m 0@x3® B08¢nien il emedd
QAR IEE WO» DB e®® ©besd BgBw
"208e8 9805301053 eEEs HEIEOD FD.
D0¢, @08 BedsdE O&n B @0rD©
2085 ©8id B8 OO D eRewds’ D&
2o 07 CRB. e® S O ©sDB®
Bode D808 »BY8S gderdvencs @m0
BB IYE B> eEE OB &5
OB, ¢ maen @B 8¢ wom CRID el Y
DBBesy Besr 0@ ©8ud 6ddBm, ©8edm
w5 3blm0x D3RS O @ldBw
8830 LB @RS DD .

Bepust@md oamms B8 gy miem @353
Bewom miuws’ @S @080 @ @m0
8 aod, 98 030 ot DO
e@EE 34,000 ©s®en D D @ibc ewbd
a® sbedemBns’ 883 2011 & »®HYT @0
a. »¢, sledemosd 385 »®HHd @m0
a8 @00 e®® deds HO HBobmm (&
DNBIBHODE 5 B BBe® Bymde O D&
30 QeSS gwe IS B BB8e® H B
a8 0 HENEOD . e OB IS
2DDOE NB e BE w53 (blue
carbon) @edm OB wooy ERB® s ©d®
B YNg Dagn D8 QBB ¢BOT) Ced.
O Ocot® B Gyg maen 80 sdB@
ERID RE OB e VOO besd iBw
(BB @290E &3 DL D& DB

62

8 o0 eud O53es’ @uied)s 8BS
DERIBGO O @m0, e® O» O &
CoD RE g maeh Seds 15 23 s
Dm0 & @>. 008 vHmBIEBE DBISHE
Ol 23,819 80w 0. & oD
DC OBITRE ©BO0 Y © WEY BB
@R Yyg DE @O. Yyg e
RYE © Do O @B yedr eces
GBIHCO DEYed 8O wisme @b
DO DERITE DEBNODD) G (D). D {CR
deduws 0 y¢ ¢90x’ (Dugong) e@®
Yolaw RE Dlbzn 02 o0, IEO VR
@00 Jedend B0 YYg Daeh D@E
YOrenes 080 &.

Gw 1 : @wcyed »®» Halophila ovalis @x¢cmaes ©8ws

@@ OB O») ocs ubedwmwnsy D&sS
O 0 .

DO B DEO and W Oy g
Seode 72 I3 o0 HEZNeOD &S &,
3088w cPeen wEm AEe®E o g 8D
geda (Bioregions) »wm Oxidm 8 e @00
DEDNEDD GD.

Qe DIEN DR SO BEH) DEDID JD
) An)

g Dad @2 DR SDIBO B3I 5D DREGSS
BOEIDB, ©Biss ©IbY, IRBIDEWED),
8y cosd, D ©O00, cdension 1 pH
BOB O DEODT GBWI® DEIOOD  PD.
QD BEHS ®E GER®vDE @danm O



e cew d

O@emEsy GYe Daen Dedan amd edme Om
00 000 @D Doy BBVBDG ad SE®O
RAED) CRE.

0l. @eCIde & eEmG Gyg mien DBIdD
D o0 Boems »0m EID® HLIB
23003, OO Feso €368y POEIDES DR
B O Gyg maen OB @ OB
Bdoocmas 8y »0n 8. «sledsen
OEO amd @eCIDG gd® YelndE N
maen DDDDIC IBD® DEO S O
RO »Ydr B are. weciBc (Halophila)
0w aes Jeds gvn ad® HIeEID
BP0 e adn eOER8D wbwded B
P00 andbome 3 arw. DY, 008 wHEd
g dedvrs’ g 40 ©®en DIEED
ewdm ©8n ©8wdum BIvewrs’ S o
DB and, ewBeiSwo (Posidonia) ®escd
80 Serers’o €5 140 0 ¢dn e
©e0» 88eded 805 Bw HD.

02. eudes weUo ¢ euiss ©eld we® gy
DR BBEHE ENOEIDE Fousi©m
0. ©® Ben esten sl M8 «bwded
g Biwemer b ©d. S
BObo» »EBG e eudes ©gld aldw
eCs OB® v ol edEdO8» DR
edneds’ a8vwmd eiG8 Ondn Omy
CR® a@no® VOB SEe DEO eEiDG
©010bmme 58 DeDa.

03. e»95m oG 8¢d» VRS ¢ Gy Do
O Sords DDUBO® ®I OO emeds
I8 HIFO eend ewls AEHIT
CR8. Gy maen GpIckd OB DR
@ DB O gyg codsied (Dugong
dugon) adwm cE® B, ©®DPC BO®
s@eamm adn 2DEO8D o1 Y uuee
OB B O B 0BReds’ Gyg maen
BME Dress’ B0 cCHed. o®®
Beds, 08e:bn »F3P0 00 amon Je®
1B 0053, Decds BB v Dordewn 350
eOmE 0d. evIBn FwIdnd® eBneds’
®©Ce0 aBpd a8 »ec®ac (Halodule)
0 »ecBer (Halophila) 9 Sedswsd
a0 DIBGO ei5’ed. »ES, e®® s8wded

NeelaHaritha Vol.3, 2020

a8 meemedsiectss (Thalassondendron)
Pedsosied ©Bm ald uBsm® »wiBwD
Beso 9© 008 OE0 gnen Eo® »Bwids
c00® Beods wm®.

04. COIDW, CIEHDDG, DIVBID©@IDEE),
pH : §x¢ maen DEO Bowd e ®J0®
35 ppt ©» g¢md e®® maen DowBnps’ 4-65
ppt s e Dlbmo B a. §yg D
Bede o853 wieEiBer @G (Halophila
ovalis) 80 Eden sdhees’ pe 805 B©0
25080 »e g Sedsnd. cE@SOe @
OE SOBPO0 AR PN  DDES.
cEaiDed 0800 eP¥neds’  eed
deed Crd® mRBVenIeidl) g®iena
edme O»m» BHBww pH oo odmd
B0 »isme D Dedw DB,
DRBIDewSesB38 w» pH gmomesied
20es Y@erns’ Jeds 4md edmE OB
300 8 worBo s @iBm ©OE©D
o806 0. 80 @m0 Gy mien Dews
D @08 1l FEBIY) CRAD amo® Eded
eODEH® DB @Dvwd ) DIBS BUSm
OO Gyen Eo® H(Bwd Bgp AESIE.

elenm Sobrs cnedsl gue m®n ORO
&850 @ (Vulnerability)

QededBwied ®®1 > ©os BDD S
Gy meen, edaren Subnie eBneds’ eB0m
2Dm® BEAcd wledsensi ©»idbe
BedE @D g B¢niIns’ 88z 2007
Deselbl BeewOo g (Waycott et al.,2007).
008 sleduen OBE ednqer Subwie HEeDd
O omeen Deds e  DiwddimdE a8
€01 ORe® ®»BwD, ednner Tbwie DEO
B0 ¢y Dedvumied Oxywed Hcdm
eODE®® » DndBed EDHEHO DBGBBCS
@0 @®. edaen Jubnie Yedimdm DEO
20 @B0e (B oo edmun® Heo
B0 (B ¢dcm® eCt g 08 gwe
@300, @I IS, BB ©oORNT B FEDHRD
e BED RS eBneds’ g mien DEO
0D JCL® 00D EOH® FLBBHE @O F(o.
e®® o380 wew olage Dobnin BEIC
a3t cods »8ged (Intergovernmental Panel

63



elaner dubuie ¥Eed @MV CHOD Yyt e

S0 2 & @Dwcyed Halodule pinifolia o¢ maeh 98w

on Climate Change - IPCC) @85 Bwns »c
»D0O® @oB® Db (Assessment Report
4- AR4) nmce awmes oldaqdnm Ssbnies
8Dem® @oB8e® He®IIEE B ©IO
. (Vulnerability Assessment Framework).
e®0 obeduemed GBOE @©10ewes ©ces
oo 68 @m0 ¢ arD. »OE, &§ oD
cR3rs obnwn @@ D 8880 do® CuBw
e®0 gBEmG BeWE ¥ DD 806 8D
@ ©8e:0nd ®weI»D® PO B O0®
avemed GBI 8§ oD @8nD ©D8m
Gy maen OB B edaqen dbuiwdE
REH® DEO erewd eeds’ @i ed.

elerryn BLmnns S o B ®id
503 O@0 due DH B0 cFIO®

OB,

01. 806 dR8O & Dyedieed cHMNE®
(SRS O]

bedeen ¢ DEO amd @ LD SO
2B cBens’Dn ©nd @ddig 2500 e
eeni @6lds’ edme & arm. edaqes Sulicoes
BEcD @18 yedimimns’io gmd bz 2100
D 80 cgensids 1.2 °C 8o 4.1 °C 000853
PHE @0 B D HeIIWOHE ©20 EO®
. 00 ePfneds’ eddg mEwed (asimb
ce® mEsed ) D8 Gy miw adn @
20O RIS . aB0 ¢® mEIeE
8BcdD» D8 ©.8E3s 0Bneds’ DigeddEned

64

16 3 3 B5Bwd »dmad ey Halophila beccarii ©:cDeds
DEHED ¥ maen )OGS

BSroDoens D Gyg maen )& Digediced ad
Ce® B memnd (BRSBO0) de oS
em0® gDom»e® yOIms Y mieh DB
O eOme 0. 8¢l BEE 3B (in-situ)
20060 emd 8¢ W0y e sledsenss’o
e cBwBD eD»E®O® DEO amd Gng »aeh
B0 O @de Seds 50 edmed od.

30 ¢® MEIBG RE AT e308Cen eBeds3
DGericred Booddens O Yo Dien
Drgge@iBe ceqeg® 5.0 °C 83 98 § 80 emd
DED DE DME I@rewmu Dnrud @ ed.
DO¢ €neg® OB 8O BFeso ©BS EHB Dvosm
B (S amd OB Gyg maen »IR@O @ ©d.

02. @xme ®O0® gme MO ) eDOE PEIBG GO
&®

QD BEHS BDE 88 Gy mien DS
POCEIDB  ©BO® ey ©®  ©dVDDGEES
800D CRAAB. vbedee ¢im OEO gmd dbs
2100 & 8O yg ©@20® 10 cm 8O 90 cm
300 (B D OO YeTImIADB @200 . @®
ednd e v B Scens’ OdR edneds’
OO 9B »IBHEDO (3006 VIS EBREDSY)
8¢ed. 05 g mendCEO tygey D1esesom
2808 0. VeSO @eCEive BO® e®® deodds
2D woddene (internal migration) 8@z
8Beed. D¢, 0@ R0 OTe®s B0m
95 »BOGed eDHBTO GYe mags deds
OEO 80 e AEIE.



e cew d

03. c958m NS (@EMY 6o &E Qo)

@88 e 100 » s E e wee aBTe®
Begmodw (frequent) amm gwve eows @030
OO HeIIWODB 20 arD. DS, ey
@€ @eo O BYmded (intensity) edxmemn®
BEPsens @0 aw. o® Hen ©od B
DEBE BOwDws aBd» and Digericed
2880 e B@rens S8 08z 8y Db
2Bed. »de, ey ©Y @ ©ee ¢Be®
Bemda o Y0 OCBem] »ws B@®
& BT & Fuird®m D and & edneds’
e 0 & Geo B0 D8 y®eIDGE
308, O DI, Gy maes OEO 8¢ O enIBD
B @d® O amd, ©Ivded Jg vHel edvw
08 B0 Beo a8 adc®8» cdn 985 gug
maeh DO AE® &8¢ @d. e @ w853
O Gyg 90 O magh @pIced OO
ednedsy D0 8¢ D »BG ©wes S
90 eI DICHRS YBEBDBHEO CEPed.

04. 59 DbersnG 658 ®ODO

eldonen sl BEAr gedimdm -OEO
an® OBz 0D1ed EE eOmEH®
BBBeeme »E HB6. dbsiomz CO1ed w®
asiob ©®Je® Coied eDmeEm® (internal

variation) 8¢ Besn DBzD EeRs I8
% BY50dn edmes O e, 98 gBORG:S oEe
B0 w8 ®odd WO DE ¢DEO8D
©® eudes Bl SoE YOIemes DELOEO
e®5® ©@nded §owly 8. @® HBwr O
©00e0® Wehmm 0O»HEIO DEO ®IBmE D

Siww 4 5 ¢St §yed »@d» Enhalus acoroides e Cymodocea
serrulata OB wOBD e maes ©lOBwS

NeelaHaritha Vol.3, 2020

DB a0 BeEI®G eIEIPC 0¥ @IVEO
Gyg maeh IBBO @ 0. DS, eO® @D @O
©oD0 BO® 3 Beems NV m(BIE S©
eBReDS @1 WO PO amd s
DB 3 ©D. B OE @3 WO B &S
wEEBacE (Halodule), ®»eci8co (Halophila)
©® ededd (Zostera) ©em DERO &wrs Deodds
©oDPIO eNend ewds’ axPbome B &S
Ben 008 DedudEd B0 »I1Be acs od.
DO, ®odRC @BDEDSI el BE BT B &HO
ednedsy @i ©WOE DED B o &eed.
VOO, ©dRC 0BPEDS g DIeh KD
BEBNBHEO BEEG G DIREES ©DOD &S
8NODEE & ©®dRC @S O D10 ©ers D&
Oe»s, BBOIHB BCHI OB DB DIES ¢
g WO Bedw »Sw.

05. MeRinn 8 HOSERJR BOM

$0EIDG B®1 SO 515 8300 BBGE DEIR
CRE. ©D0 86 3 Beer» dOEOBD wy o®
20® @ euizs BBl eBneds’ Gng
ORE DED GIeEIDE DBBEwe® »wBwsid B
©@d. 80 4@m»0D edarer B¢xy Yedimdm DEO
e 98 ©®vBrDens’ ¢BDm ©ICSRYE
Boen 53es0 DT e308BED@EE Dumed BT encs
O a3l cc® mEed sOB® g D
@0 DEO oy B8ESBE0 P 0. HEEIIBGE
(Halodule), weci8eo (Halophila) es» gededd
(Zostera) oen DEO @’ Gng mieh JeRBES3
FIOCIDB EIERIPO eBPeDS B0 ©3ed.
2@, mc8Bw (Thalassia) Bedewxs’ ©»O af)
OEID OGS wler BaE ¢HeSe®
»(BD 008, 980 e¥nd O® Dewdzvewnd
a8 oveg ®enBedd »BenDE.

06. MRIBVEEBRED D0 & DO
B[O

1950 885w ez 2019 O 80 rigeviced
DRBVeEIeEd ©00® 300 ppm 8O 410
ppm e300 98 8 g, »O¢ Hedimdm OGO
em® @88 @fdlg 100+ » ©®en DI BDE
e®0® 806 E(RMERE O QHE ©B DO
Bo@m@ @200 grm. 98 Hew, wioded &o &
18 ©R530ewSeid wisicens edme J®
e3neds’ ABIRNEBO wIBigens @D JOHO

65



elaner dubuie ¥Eed @MV CHOD Yyt e

S0 5 ¢ el ee@dt @ned a® Cymodocea serrulata §xg,
aen 9BwS

D853 00, & e¥neds’ deed pH avw soe
@O0 S B »iS O gm0 eemd §ng
Daeh @D LTI 008 edme SO Brwd ecs
RAEE) CR8. »ES, ad ©.ed dokds DEO
PH aved 8cdm men 0Dmedn®d sy B0
¢SBs B,

07. 9®0 €@ O BoDODed cdxed 5@

edanen dubinie e¥nedns’ 3®d EwdiE edn¥es
DOm0 WO O BEri©d B3edimODEEIO
g, YO853 ¢ eqe® EodE e de® Berdn
8 B (B and, O3 Gyg vaen Doy RO
DB 0o el BB, BOCE ¢dnd Ind
Eud(@ O 0dm»d 8O Gyg mien OEO EBID
22003 Bo@me BEOO emn(S & eres’
e® 8gac 8¢ w0 ¢ SSfven OE 801 w8n
008,

5160 H)

®o®), @@ @FDD OB  OS paen NS
elagen Debnies eXneds’ BaE adIm©O
CS8¢ w®. cEaDeld edmeIDO, Db
Ced 8dm e0mE®®, B ody Heso Gug
e OB eCw DEEHEO EWed. BT, Gyg
Daeh OC ©©IRL BB DGO ®IB &g
05 gm0 e®® Dot ©ubiud uddBe ednnen
BesBaoes @DDIHOO @2 Be®n3 cHd® RIS
@ .

DS, odagenr Dsbnis odneds’ Bedm
eO®EHO® Gng mien DEO JEBID  GIDICD
B8gac wledsen 0 80 ©8n ©000m

66

s, Y0Bew Deds @mD YaEm CEBBOG,
oo y®ens pH, aos, EoE O gedows,
B, amBO®es ©eies B3It D1 el BOEHE
B® wEBCEEY eo» & IB®» vl emd
28> sbedsen 8¢ e gps. @@nd BB
80 dosided cdme 80, gds o 90, IS
a8 90, 38 gedlvmwe, DLy edvn a®
sbedsen @momedd Bcemd & anmcEd
DEOIDOHBH B  BolBBen  e®I0GSS
0000 B8e®s edaqen SobncisdEd gyen
8 (B yg »agn @OmE0 58 O OB
(S @d.

BBen B8 Bewdy) ERD 9B OEO ¢®mdD
elaqen Dubmies B Bedo v gwwess
OBIC e¥neds’ e®® ©ded oddBneO gBda
DB 0B gvn Y 0. OBy weor3Benc
0y DeOemdien Pe®Nes OO Oed®
8¢ e gae. 8 Cowd 8853 988t o e
S8 HBbews »E comsdesd (Nationally
Determined Contributions) @8z @ung maes
o0 BB enel DCOTDEO HEIEOD . ©®
e o3 »B® w» g DE®» ¢ O
Bem® g 910 BEedE: @t o Gy ¢®moD
Bepost®@m O »ow bewlm  gBeEdiome
(restoration) Swotezm [E© @B Gy s
Ocde® BYmidn =@ 0080 gd® w3 On
O, 2O, 0@ wewr BROG D ey
B8O, Beduewns’ Gng mieh NG DR gedn
08 gede ecs »® 00 Jed B
F0m0m® ¢d® oE® @Bs 9m SoE §yg
maen N wodvent 8¢ @20 . @
Boomdm® (300238 B88ednd) wewr dgde
ES edandim Subvie vEed gdOm® gd®
DE HD. ¢8O VOO HREBS Gwm
0 (eC1 emd®» DHB® ©ed ©iBw)
22005 8ogel Ywidde cecwr dmoTR® as
@@ 8¢ e g DOBOS.

e&Bo : Idea wild Equipment Grant

5000718 & gD CBEHET



gD chevd NeelaHaritha Vol.3, 2020

DOODE YRIB

YLIBY YERIY®
Waycott M; Collier C; McMahon K; Ralph P and (2007) Vulnerability of seagrasses in the Great Barrier
Reef to climate change. In: J.E. Johnson and PA. Marshall (eds) Climate Change and the Great Barrier
Reef: A Vulnerability Assessment. 1st edition, Great Barrier Reef Marine Park Authority and Australian
Greenhouse Office, Townsville, Australia, pp. 193-235.

2R §EI®
Cullen-Unsworth, L.C; Nordlund, L.M; Paddock, J, Baker, D.S; McKenzie, L.J; Unsworth R.K.E (2013)
Seagrass meadows globally as a coupled social-ecological system: Implications for human wellbeing,
Marine Pollution Bulletin.

Hemminga, MA; and Duarte, C.M. (2000) Seagrass Ecology. Cambridge University Press. New York.

Miththapala S. (2008) Seagrasses and Sand Dunes. Coastal Ecosystems Series (Vol 3) pp 1-36 + iii.
Colombo, Sri Lanka: Ecosystems and Livelihoods Group Asia, IUCN.

Short, ET; Polidoro, B; Livingstone, SR; Carpenter K.E; Bandeira, S; Bujang J.S; Calumpong, H.P;
Carruthers T.J.B; Coles, R.G; Dennison, W.C; Erftemeijer, PL.A; Fortes, M.D; Freeman, A.S; Jagtap, T.G;
Kamal, A -H.M; Kendrick, G.A; Judson, Kenworthy W; La Nafie, Y.A; Nasution, I.M; Orth, RJ; Prathep,
A; Sanciangco, J.C; Tussenbroek, B.V; Vergara, S.G; Waycott, M; Zieman, J.C; 2011. Extinction risk
assessment of the world’s seagrass species. Biological Conservation. 144, 1961-1971.

Udagedara, S; Fernando, D; Perera, N; Tanna, A; Bown R.(2017). A first record of Halodule pinifolia Miki
den Hartog, and new locality of nationally endangered Halophila beccarii Asch, from the eastern coast of
Sri Lanka, International Journal of Aquatic Biology, 5(5): 328-335

e maen, TDed Henits @ 80003Ben Bs3, @Rl 83l GRS,
OB 8300080 e =Bed @@imnienns, 43 e s XXVII edd®

67



68



The potential ecological consequences of predicted climate
change on marine and coastal ecosystems in Sri Lanka.
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« Climate change is considered to be the most significant threat to humanity and the
environment at present and for the foreseeable future.

« Island nations such as Sri Lanka are particularly vulnerable to climate change.

o Marine and coastal ecosystems provide an array of ecosystem services and this
research looks at the potential ecological consequences posed on these ecosystems as

a result of climate change.

« Inaddition, the importance of conservation is also highlighted in this article.

Introduction

Sri Lanka is an island in the Indian Ocean
situated near the equator and it consists of a
diverse variety of fauna and flora. Sri Lanka’s
biodiversity at present is facing the full force of
predicted climate change. The current global
increment in surface temperature is caused by
the rapid increase of atmospheric carbon dioxide
(COZ) concentrations been emitted into the
atmosphere, which can be initially attributed to
the industrial revolution. If CO, concentrations
exceed 500 CO, parts per million, the global
average temperature will increase by 2°C from
as latest as 2050 till 2100 (Guldberg, et al.,
2007). Understanding this prediction, it is
difficult to ignore the reality of climate change
impacts and the urgency required to tackle it
before it has lasting affects on the natural system.

Habitat loss in addition to climate change is
occurring on a global scale, resulting in a loss
of species diversity. Tropical regions such as
Sri Lanka (SL) are particularly under threat of
losing more habitats if there is no legal action
taken against deforestation and clearings. One
of the main concerns in Sri Lanka is its vibrant
coastal habitats which are most definitely being
affected by climate change as a rise in sea level
can inundate the ecosystems on the shorelines
(Gates, 1993). The coast line of Sri Lanka is
1,585km and coral reefs cover an estimate of
2% of the coastline (Rajasuriya, et al., 2002).
Mangrove cover has a small percentage of 0.1 to
0.2 compared to the total land area of Sri Lanka
(Karunatileka, 2003). Habitats along the coastal
zones of the island are decreasing in size creating
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isolated fragments, these decreasing habitat
spaces will constrict the options most species
have in order to respond to changing climatic
conditions (Shaw, et al., 2010). This article will
discuss the ecological consequences of predicted
climate change in Sri Lanka in relation to coral
reefs and mangroves.

Literature review

Coral reef ecosystems support a quarter of the fish
species in the marine ecosystem (Parker, 2015).
In Sri Lanka, there are known to be around 183
species of hard corals and these reefs provide
habitats for 6 species of spiny lobsters and 5
species of sea turtles and dozens of ornamental
fish species (Rajasuriya, et al., 2002). The most
concerning aspect of climate change is the
warming of the earth's atmosphere, which has
direct effects on the ocean and coastal species.
For example, in 1998 an alarming quantity
of coral reefs around the world, including
the Indian Ocean faced mass coral bleaching
events. Coral bleaching occurs when the coral is
physically stressed causing the symbiotic algae
that provides nutrition and colour to leave the
coral, hence leaving it colourless or bleached
(Reaser, et al., 2000). However, this does not
result in coral fatality but it does leave the corals
vulnerable to destructive organisms or disasters.
These events occurred as a result of the regionally
specific El Nino and La Nina effects but certain
researchers believe that it was also associated
to global warming and rise in sea temperatures
(Reaser, et al., 2000). The recovery rate of the
shallow (10 meters) coral reefs of Sri Lanka after
the coral bleaching event was very poor and
the increasing temperatures made it difficult for
corals to re-establish as they are very sensitive
to slight changes in sea temperature. If the coral
reefs do not recover over time as a result of sea
temperatures rising, most coral species will
disappear and the reefs will break down as other
predatory species such as sea urchins colonise.
Loss of a reef would mean the loss of habitats
for many fish species as a large number of them
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depend on reef structures for protection (Reaser,
et al., 2000).

Furthermore, another key issue is ocean
acidification, which is a consequence of increased
carbon dioxide emissions being absorbed into
the sea, which inhibits the formation of calcium
carbonate the substance responsible for coral
skeleton growth (Guldberg, et al., 2007). As
coral reefs have a slow growth and can be
sensitive to its surroundings if climate changes
rapidly, the corals will not be able to respond to
the new conditions in due time (Guldberg, et al.,
2007). If coral reef growth is inhibited through
these processes mentioned above, all marine
life depending on the reef for survival, food and
protection will be driven towards extinction with
the loss of a variety of different coral species in
Sri Lanka.

Mangrove forests are another coastal habitat
under threat in Sri Lanka, which can be
categorised into two groups, known as true
mangroves and associate mangroves. Both these
groups of mangroves have more than 25 recorded
species of flora and they are widely spread along
the coasts of Sri Lanka (Karunathilake, 2003).
Mangrove ecosystems in Sri Lanka also support
a wide range of fauna; there are species that
are confined to mangrove forests and others
that can be found elsewhere. There is a variety
of invertebrates that are confined to mangrove
habitats such as gastropods and grapsid crabs
and a few lobster species, refer to figure 01.
There are around 150 species of fish but not all
of them are specific to mangrove ecosystems.
Around 100 species of resident and migratory
bird species have been observed in mangroves
forests of Sri Lanka as well as juvenile crocodiles
and a few snake species (Karunathilake, 2003).

Further, climatic changes can have a challenging
effect on the mangrove ecosystems as they
generally occupy mid to high intertidal zones
(Huxham, et al., 2010). This means that
mangrove forests in low tidal sites will be
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vulnerable to submersion as the sea level rises
and the mangroves in high tidal zones will be
threatened by the rising salinity of the sea water
(Huxham, et al., 2010). Mangroves therefore
have a high likelihood of mortality if climate
change continues to exacerbate. If mangrove
ecosystems disappear, all the species depending
on mangrove habitats will be driven towards
extinction while populations of other species
will potentially be under threat. It is important
to state that the water purification function of
mangroves protects coral reefs and therefore, if
mangrove forests become limited, it would result
in an increase in stress levels for coral growth
(Barbier, et al., 2011). Mangroves are also known
to contribute to global carbon sequestration and
if destroyed, would release large quantities of
CO, into the atmosphere which will aid further
global warming (Barbier, et al., 2011).

Figure 01 - Grapsid crab species found in a mangrove forest
in Sri Lanka by Avishka Sendanayake (2015).

Importance of conservation

In 2009, Mangroves for the Future (MFF)
programme was initiated as the National Strategy
and Action Plan for Sri Lanka. It was a partnership
aimed at promoting investments towards the
improvement of the coastal environment through
conservation and sustainable development. Sri
Lanka was selected as it suffered immensely from
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the 2004 tsunami, but mangrove ecosystems
protected numerous parts of the island from
being severely affected by the waves. MFF
highlighted the importance of ecosystem services
of coastal zones and ensured that by conserving
the mangrove ecosystems, it would benefit
coastal infrastructure development (SLNSAP,
2009). Sri Lanka was listed as the first nation
set to conserve all of its mangrove forests in
2016 (Vyawahare, 2016). To educate the public
and the new generation of Sri Lanka, the newly
established Pambala Mangrove Conservation
Forest and Museum provides information
regarding mangrove flora and its associated fauna
(Vyawahera, 2016). The Sri Lanka Mangrove
Conservation Project was a five year project
that costed $3.4million and it aims to protect
the existing 8,815 hectares and restore 3,885
hectares of Sri Lanka's mangroves (Vyawahare,
2016). As of June 2019, this project has trained
over 11,000 women and youth to conserve
mangrove ecosystems and create livelihood
opportunities (Seacology, 2020). Furthermore,
micro-loans were received by 2,893 individuals
for initiating or expanding sustainable businesses
and achieving financial stability (UNCC, 2020).
This type of conservation is essential for the
survival of these ecosystems in regard to future
predicted climate change impacts. For instance,
if all the anthropogenic pressures are alleviated
from the mangrove ecosystems, the possibility
of mangroves to withstand global warming or
changing salinity in sea water is inherently higher.
The loss of mangroves currently is mainly due
to deforestation for commercial purposes and
climate change will be the secondary or future
threat to mangrove ecosystems (Alongi, 2008).

Coral reefs are yet to be legally protected in Sri
Lanka, there are efforts taken to minimise the
threats to coral reefs to a certain extent through
Marine Protected Areas (MPAs). The National
Biodiversity Strategic Action Plan (NBSAP) was
developed to address the need to protect our
biodiversity, including coral reefs (NBSAP, 2016).
Since this plan is from 2016 to 2022, there is time
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to improve protective measures for coral reefs.
Furthermore, the fishing industry and other
commercial marine life uses are very important
to the economy of Sri Lanka, which means that
loss of coral reefs would result in a decrease
in fish populations. Therefore, increasing
temperatures will have a negative effect on the
economy which would force the government to
take action to conserve the reefs on a national
level. As stated by the National Oceanic and
Atmospheric Administration (NOAA), 20 species
of corals have been added to the endangered list
as "threatened", with 15 species from the Indo-
pacific region (Parker, 2015). Coral reefs play
a significant part in carbon absorption within
the sea and if lost could lead to further global
warming.

Conclusion

In conclusion, Sri Lanka being a small island
in the Indian Ocean is comprised of a diverse
range of species especially within the coastal
environment. It is evident from the literature
available that the coral reefs and the mangroves
worldwide are under threat from predicted
climate change. However, there is a lack in
literature available on climate change impacts
specifically for the Sri Lankan coral reefs and
mangroves. The information available from
other regions can be used to predict or assume
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the effects that climate change would pose for
Sri Lankan ecosystems. Both of the ecosystems
discussed, are currently are under stress from
anthropogenic activities but it can be predicted
that an increase in the future carbon dioxide
concentrations can have a damaging effect on
the surviving corals and mangroves. These two
ecosystems provide a wide range of benefits for
other marine life and animals. Coral reefs provide
numerous habitats for a variety of fish species
and mangroves provide a unique environment
for some gastropods and grapsid crabs. There are
also resident and migratory birds that depend on
species found in these two ecosystems as a food
source. Therefore, it can be concluded that a loss
of corals and mangroves in Sri Lanka can result
in a large number of species being threatened
by extinction due to habitat loss and availability
of food as a consequence of climate change. If
Sri Lanka effectively conserves coral reef and
mangroves ecosystems there is a possibility for
our coastal ecosystems to be more resilient to
the anticipated climate change impacts. For Sri
Lanka to protect the remaining coral reefs and
mangrove ecosystems, comprehensive policies
must be developed and implemented through
relevant authorities, as these ecosystems are vital
for the survival of local communities as well as
marine and coastal biodiversity.
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« Climate change and its impacts in Sri Lanka.

o The use of Indigenous Knowledge to mitigate climate change impacts

« Traditional knowledge and examples of some activities which assist to
reduce greenhouse gas emission into the environment.
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welldHer  DiFHeond  eTfllgsT  cpsuld  gMBLIBLD
6UTU|E & 6TTTEVSIT6I HGRIAERY LOMBMBMRIGENT
gBUGHeTmBen  6Tehiml  YJTFHB6T  Gn IS 6HT360T.
@euBWIL_63 SNBSS WL b CERIE

LIeWTL&H6NMTe  DigHaliguimer  QHmHeOouIDTdSH60,
ST,  euemilaowioner  elleugTuid,  TpSelHLID
2 _6WI6) (LPHBEHET, DHHLOMEN eeTmIbeieT LuleLm®
GTEITLINOYLD  (LESIWILOTEN  SHTT 60l H6NTGHLD.

QUTU| LOGWTL 60G @60 HTLISTOITL eDFL 1OBEID 6Jemeti
uFemgell B eurubsst Gbsuigbsse LiFgusverms

LeNuleiBGLosd Gleutiid DB S ALILIF 60T (LPEVLD
HT6VBIEMEVLDTHBBLOHL UHTE0  gBLGLD  LsICoumiui L
FHTHBHBHBES (WpaRIOETHHH CousmriguImBlsmev

o6l HEWIH S B (B 0CHT6uT(B6) (H MBI
SHG olmenaldb@d  aITulbBHeT 1S GHmDBHS
etemtenildenauiGeuBu suru| 6w 60shae0 QmILCHTH
weflEH  BLOIQHMBHEMIT — HIJeIoTd  SFH 0B

GBI 189 Bl 518 C\BT61(h QUHB MBS
BevmIen BTNV (BHE QUTU| LOGUITL_60SHHBE&F
CFeBTmBemL_U 1D LNy Himeor HHG allenered @D

QIMTUISBSH6T60 HTUIL QuITdengl B, 16HaT, Buill plerd
RBMFL, BHTLSIOITCRITEMFL , bl M6l @dbemaL
oBBID 1560HT SisveoTd suelwiren CFHen FHaiLpld
SILBIGLD.

ShG GBUBSHHID ITUHBMeT 2 BLGHEH  CFuiujd
ysTer  (PeOBHEHHG6T  LHiFsHenwl 2 BLSHF
OEINGIE 0] ol (B 6T603T6W) 6001 LT 60T erflCiLy,
MmBHOSHTH60 WD LoBEID CUTSEGTHSH! (LPEHBH6IT
unIsaIlLE CFuighleTeng.

yelulsd gBUBL  STeuBleney  LOTBBSHSBETS  6IOHI
BILlger  umiseiiy  GUiudwyurs  SsnelBe
Goopeurenmevd G fHwrs  GumbUTeLTsT
FMBTLED  HTHSMIBET  HEWL QILIBEOTD.  HT6VHlEN6EV
LOTBMBEE\6MTED EOmINBHDHE SJMBLIL H&nlgUl
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HTbBHMIBETHE B ML UT6D &L_60LDL_L_LD 2 _WI[HH6V,
GEDBAUTET BHT6VH S enI6IT FnlgUIETTENT 60T LOEMLD
ellpFd), pewiL  sTevaugl &,  @lpsd  GeuliLplenso

S1F B M HgHe06LITeTR6 LT SHT6E0TLDTETEmeUUITEHID.

QeuBplledt  HTFERIOTH  EUBINHUND  DIEMLDHSHI6T6N
&6NMIL, B, UTENBEDHIO, SHEWIL60H6T HBBTLLVID,
QleN HLBHMI LITCHFMIBEHID HTEVHIEN6V LDTBBEHHTEV
WelB@,  HBPILEL  eifed  WIBBESBBELD
o GWTL a5 GiTmen. SBOLITS Ly HTeon s
(PHDBHBBLTEBEHET Fnlgll Si6N6)] Geulilmplensouied
SPeILbH BHACHTH, &L6v BHiledm GeuliBlensy

Guoguitd SIF B HE IGRIENRY SieNmNsl6aT
156112 (HoUTEHH(LPLD G&MMBEUDL[HSI QU(HB MBS
BIHSHTMD  GHMBTLEL  OBHTGHUD  HL 60D LD

o2 _WTQISHTEY HTHHHHBEH 2 _6TenTalCHTEH, DHMTED
&Lev 2dalweflen  eTenTenilbmBUID  GHMBEIGTBEI.

SHBG&  Gweores  HL6D WL 2 _WiTeNHTE0
bHEN@T TH  HLL BT BT YBGH6T DQHHIF
GF6LeVLILIGOIGTEY LDETEUN 65T 2_auiTlIL|SHSHeenLo
SIF &M EH BSHI.

GnIEw BHIT6VSH BB 61T Fnlgul Lo Ip&F &
gBLUGISHTEL  emeuWELILNTCHFRIGeTsL  LoewiFfe)

GJBLUGIBINND, DAHDITLTH LISICIBI D60 SHMHISH6NT
gBUGaIBIOID, SLevfllilermmsd Gl (B Mev Sisrey
GDBSNID FBLIGLD.

Csvid  HTEVFBlENEL  LTBBHBTEL  eNleUFTUISHHBES
DNFFBISHH60 6JMBLI[B UG 60 (LPBVLOTE 266
2 BUHFH GOBUWLD. SBHIL6T Lelulss GsuliLmplensy
DFSAUUSTEL 0SB — HHTHT]  FLOLIHSHLOT6N
IFFBHHVBEN  gBUL  gHITICHTH LGy
Crmuiiseflenr LFbUSID gBTHA M.  Gaudsions
BuUBME  SleTHSHIE6TTen  GeusiTend,  ewiF ey
BpId  SHpreusf  CUITETBaIBBTILD o uliTaEnsELD
CFTHHIHHEHHGID CFHID GBLHD SIBSHI.

BHTEVHMEY  DTBBHAMBES — JHIOUTE  SHITJ 601 BN
GOBULSBEHTEN, DIUBBTEL GHBLGD LITHILESHmeNT
GMMBLILIGMBEBIT6 LOTBmI BL6)1Q &0 86T LI6v
HBHTAUHSHD  (PSTODTIHIWIILIL L TEVID,  LIswTenL Ul
BHTEVHEHIV  HEOL (LPemBUTeI(HHSH LISY [HLAIGHNHHNT

BRV&HUTRTHTHRLD 61l 6m6a & BHBENGTETENEUITEH LD
STl ILI[B a5 6313601

QUEIFFHFH ML 2 BUGHI) Geuu LTS
ENG)) JBLIBHHSHIDUTU|EBEH6IT FHBMBITL 6D6V
CFaBenLaIHBHTH BeumIen&UT60 Ly SHmemors
UiseLF QFuleus Foul_ B 1l QUITHeTeR
OuBCBTEiW 2 BusHHW D  FDLIFSHTW  LLTEOILDTET
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o ulflw  erflEUT®HEBGLWITEGID. sleflaniDd  LiswienL Ul

BHT60H 8860 SlQUILIENL 61flF A IGLITHL_SH6MTEH
AIB&GHH6N,  OMIFTWIGHHIIE6T  IOBBID  FTemilDd
Buimetieur@e DIHBLOTHLILILIGTUBSHSLILIL L6,
@eumpilet LIWISSTLITL 19 65T@LIT ) G EMMBHSHETET 60T

LFNFF_BouTubH6em  GoadE lBellebalILL L 6.
SIHBIL6 alB@ slfili] Gevmiensuisd GILILIL &anigul
QUSVIF F b ) LITGI6METUIT S AmHHCHTH EVE|
BTG QUITEHeNFL 6L CeuefuIBLOLTIRSI
SleNeiled UkisemULF (AENITI] GOIENG))
SITTE0TLOTOIS], SHTAUJRIGEN6NT QUGG LDOILIT(SI
156001 (HLD STU6HTL QuITdeng L QUMUL|EN6 Sieme6l
2 6GenBUUSHTCCW S @HID.

umflw

STLIHTL_ QUITdHemaL GeuefGuiBmID LNy SHTest
MTésD  CUTEGTHSH  HIMBUTHOTE, DBHBE
CuBCBTEL  BEMID  leFed  Bumep  erMGUITHL
HBHELD UmIEeMILFQFUIS BB, [ORMEEEAINRY
CuTHGauTHHed FHUBHBUILL BTN  aITH6IMBIH6T60
creenflbend Causlons AFHENHH amHaICs BHBE
BHTTETIDTHUIGTENS].  6TWEID  LIsWTenL_ U BHT6uHha) G6v
QuTEILCUTE G HSE! pemmBul SiFsemeiled
QUITEHIDSHSHENTEL LWSTLIBSHSLILLL S| DIHBHIL60
10\ F) e165T19 8B 61 65T LITUEm 60T |LD SIHBLOTH 6!
srewiliu’ Len.  olBsL  BpHeweumseld@ ol BOWD
Guom_Lmiy QUGN BH(6THLD, Guom_ Ly BT H(EHLD
LWSTUBRSSIILL Lo, @RHemmed Heoll @ o6l Hevmev
GHoHE OeleMCuBBIILGL STuslsn Siene| 1066
GmBeuTHGal  SHTEmIILIL L .

belenBbHled  GMBHH  BTVSHHL  dHlB
elenengFgensy  CETHAWSTEC  elleuFTI(LPeHBH6IT
ST LB 6TB6nT.  cleflanlD  LIGwTenL Wl &HTevdHd) B0
alemenFgensy  alLajd  ANNCHFHHBSH o BHbHH
Luilflemhis@en B LIWETUIBSHSILIL L6 SeuBnslesr
allenenFaed QUL L 6Mailed &enmeuTddSmemiiiLL L TeID
SuBple alenarhaIBeT DUFHBIOTHE6 HTewILILIL L &I
DSOS GHMBHBHEMANGOTE 5], LIFEN6T  6T6HTLIG
RBBIBE CuraloTeHTHS ST ILIL L L 60T
Remel  BHT6VHEN6Y LOTBBID, 261 &HIHEMENIOUITET  LDEIT
GTEITLIIBENNB  HTHIEHEBTETENSInIQUICTAITS G ([HibHSH60T.

SHBHT6VH 60 Gl empisCen
LIW6oT60I (B & S ILIBEUSIL 60T
Guoml_LFsememiiLiwsTLB S S

i semeied
BlevSSIQBILOL L LD

OV i)
AUGIFnIQUL
Ble0HSIQBIT6mI S|
o NehFIuBE SIS @emeauu b
&MBEUHL FH60, 1)

26 HHEMEMLOWITH60 eTeTLIIBIBE (PpSHEW
BTl BT EHLD. 6Tev GmILD (PB&BTEEHSG60
G OTTTU 16001115 (6T b G LILIFH 60T Gapmemr_ i’ L



S. Umasuthan

SHeplBCen DUFHBID LT BHBILILL 6.  DIHSHIL 63
BILILITFSHSHBELD Goml L& Eméb@LILge0TsH
ESNNESQuIDN H16VT & (6THGLD VLN 01N
LIWISSTLIB S ILIL L 60T QeumpilenTed DI HENTRUT6T
Beodsle B 2 flehsms  HBHBILGBIL G,
A HHBMTEIDTS HL60BII6 (2 6] B) 2 6M@HTeHaul
RQUMHMBUD  HBHBILBES GBI

QeouBeorpall  HeWTDHBINNIHET  HBEHTELSHBHD @
QUIHDLNT & FeneNUIT S BT T ILIBH S TBSHI. GLemL
Cupaeledmba CAIANENG)) GeuefGuiBMLILIBLID
QLoBa et Gumeis QUMW |61 60T SI6TTEUTEI
BTLHEML_LILIGHT6N 6T H61 60l (bl GeieMel(HLD
amubseien  Senmmalell  0&Ea|D  DFBOTGLD.
slalamild  (PBETeHHC el nelBhal  GHLMISBE

GeueMuN_ri@LD R |66 10 &HeID
GERIIE AR STEmTLILIL L &I QUITe0 & g560,
Lemmervifléba) 6ot LIT6U6D)60T OB &HDBAITHE6!
B HHBHSI. ureuenetu e’ mibdH QUT(HL_&BEHLD

SIHB(pemm  eTFHOBHBHGL LIBHBIUL L. SIHSHIL 65T
o amie|bEI06)H6NT, HTOUTLILIGEBH6N 6T6iLIeN QLIHLO6T6 60
gl BUugemen SWMHifed LweTLGHSIUL L . Genel

ANeNF T 6VMBIBEHEHE LD, el BHCHTL L HABSID
2 _JorsLUUWSTUGSSLILIL L 6. S6) GFHemlILIFeneradsin
LD6UT 630 60T SHEEMLOGNLLI Guiemr 2 H6)|eUHIL 65
WeIeNIed B  HlewevHEH  BHBBOID 2 FHe)|demen.

SGHBHIL6  oNeuFTUHA60  dnlgll  FhBHTLILIBIB6T60
CraamILFmeN®EHID,  RUIBBLILTENL CBT6060 & EHLD
LIS (B SHSLILIL L 6DLOWITEL SeUBMTe0 eBLbBSHSLILIBLD
LGS em6Na|HEHID  GHBITHE6! BTl ILIL L 6.

B  (WPSBTMDSHIHIOUD  6T6TUH  LJTH  BHM6udHha G6v
WSFABULTHECR ST L &I  &H6eNmhibeT FAmiiums
LT eI L 6. G 6B GOTLDT & Bosvda
OMIPBT  HLMVFOFIMMLIFH  HBHHBLILIL L HIL 651

NeelaHaritha Vol.3, 2020

O IGILIHEBSE eJBLIGAISID QuBLOETRTEL
SMTHBIULL Gl BB  GHMenL  HTELMHIH6I60
Th(h BT 60T SLbLUuT® G@MBHSBLILILL FHIL 651
H60&HIg B QU6IT(LPLD 21T HHEAENIDUITHTSH

UTHIBTHSLILILL Hl. DHBIL 60 eleflenowineg  allgsml 1y,
(1wl BGuTsiiBeuBeNBLILIWLIGILIHSHS)) el BLoL L &Hded
LT BemeUILILIGHTLI(H &I U LD FHmbs GeerMufsvid
LDEDLOHTTEOT I (CEATHE X SWTH ;I8 RaICuTetB
BLOIQHMBHENTEY  HT6VHIENEY  LDTBMHANI  Hifleor
IBHTET LIV 6ITIONBUITEN  6)lenea|dHeiT GILIHLOETaI60
GMMBHSLILIL L 6IT.

BFIHN] aiBH6T SWDBSEIUBID CUTHI HTEVHEN6L

OTBBHSTL  gBUGBLD  almenalmssl P Henaied
BHHFHO CameTeniiunl CL eiHaE6T SiewLDdaEIILIL L 6.
S|BeuiesLOm6DT DICERRL EANENG)) BGrraaBu
IO SBLILILLQ (HHFH60. G HeTeL BHTEM6VUTED

CeulILBleney GHwBhS Gl el el 19anieT QFTBTaILD
wHU CBIHHe0 CHrHaled CeIlILBemey dnlgul &aTH6I
2 I QFevaldHl HBHHBLILILL FH. DGHHIL6 Oalli Hfl B
BLGHBHBONTEN  FEmIGmITIDL|HBMBEHEHID, LDGWIBHBEHEHLD
oL el 1 ferLimg) LwI6dTedT (B &S LILIL L 60T. eme
el 1paiem8en  @eflgFfluimen  GeuliupBenevsnUIL IGLIGwT
o Hee.

OHTAOEHI LI aueMTFAUID [HSTLOWIDTHHMID HlewmbHeH
@RBHTEVLILIGSH U0 BHITEVHIENEVLOTBM S IHB O\ ST Te0r
SHIOUTH 60  aleDLWIMISET  (LpeiTensudSLILIL L TeILD
HBEUTHIETEN QHTNEOBIL LD OBMID Bl mmLr L
HIesCen  Reiiemid  ChHemeuliiBaleiper.  e160G6u
B (PeITGaITIHEHMLW  [HELOGVETITENIHIGEMEITLLD,
CewBuThemenud e LB o BFrTeasHC8HmH
BML (PMBLILIGEHSHCa6mTgUI  SHTEVLSIEI.
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(Clean air in homes will ensure a healthy life)

Sivakumar Myilvaganam
Central Environment Authority

sivakumar@cea.lk

« Indoor air quality and its main sources and health impacts.

o The effects of several important ambient air pollutants such as smoke, radon.
Formaldehyde, carbon dioxide, carbon monoxide, volatile organic compounds,
molds and allergens, algae and asbestos fiber.

« Management of indoor air pollution including the best practice and the easiest

method for managing indoor air quality.

« Several plant species has the ability to absorb air pollutants and such kind of plants
can be placed inside homes or office premises to improve the quality of indoor air.

Sl o1lalmes) bLeugsHmBHeTamed 2 sy el
OTFMLH6O QFHTLHEH AHBHHHINGBD  GLTHHTS
SN BEnBUTLLILIL B6TeTHIL 65T aIeMLD6RTL_60HH MBS
L LILBLD Ceueillal(henasmen S BLIBHSHIN D! LDEBHEM6T
o suaenmaiwl FHUNsL HdBeEEF CFUIHINIHB GBS
&P HFTIHHIH6MNL alefll IDTFMLHeVHE 61HTTH
o suaenmaiwl  Faluled OGFwBUL Uy  BTBHSHEHID
FieuBssd  MHMIMBIGEHD Sl L (penmu e
Uev  @QUUBSRISMENUID, 2L 63ILIQE60EHEHMENULILD,
RUERIGN HBMENMULD 2 HEUTHS  BLOIIQHMNBHEMEI
aBHEHleTenan.FBBIILB  aefluller  &rb  eTeTUS
DG (PHBWID  OBBID  2_6NTeNTihSHHTENLOEMULI

BHHHBOBTTONTH WSO L  Hlenevsniouied
BTGB 6T 2 sudbenmaiul  Fauled  eueilldHHy
(PBTEMIDSHEHI6N BCouemeudH AN L GHd560 FBBICLD
aleflbeHT  (PHTMDHHIOND @ (PHBU  SDFIOTH
BSHSILGS OB, FoHTe0  olehehTel  Sinsley
o ewiiGHWNTB  &BBIIUB  alelsHHIHmeb ol

sl L 2 L UBs &STBHE6T 2 6TealThighamaUleanmed
D& 61T SIHBIOTHL] UT &) L ILIB S eomett
GBI 2 eusenTailul  FHulsd  GBmHdbSIQUITeT
BBIHGQUIGBLILST60 @6 Hlenevsnid ell(HLDLISHHBTH
DL L Ga60 BTewI LIS B!

meler  HUBOTE  HLIGL HHeN6D B L L HIG6IT60n
FoHd  NMIHHBENMUID  DBHET  FnDBIBHENETULD
o FFFLILBSHHINBH0 HB HANGLD
CFaH 3 NbHHI6TETHIL 63T OF3] BL191_MhIGb(6TH6IT
SFOUTHAWIOT  OeIlILFBens0  IOBBID  FILILIGHED6T
SleMd @D OFTEHFHH6MMLDEMLILI 6)LDMIG

STRILLILIL L S I9L MIHEN6T QIIgalsHIDLILIZ60 HaI6TID
CFaHHH HABATELM6L. Qe (wBHHerfemsd
& 19l HIGeMaIel LSl STBm 2 L L&D  Diea|d

el &mBm Geueflulled  Gaedsuld  SieTe|D
GOBHEH  FUTHHWIoTS  HTBBIF  &HBEMTLLID
UTSHUILeDL & 6B
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il B ugmofliyseied &Hrul sTBEpId HCITHSUl euTDeD

QuTEINITE  S&HBEIIUBS  HTBEOB L 2 ' Béb
SHTBENMB BTD FnBHevTH FHOTHLILISHTEL D6 HeUTIDE6H
HIHMH DLW 2 L LBS SHIBHI  LOTENTF HN6V
RIHGLD QUL (LPEDBEHEM6IT o 66T SIS T60
2 LB eIeNHHID BT IOTFDLH6O  HEenLD
oBpId Gsl L o s eaeflldbsrsdlenmed  gmubid
SHHTHTIL UTHLHH6T el Wiomer  LJenr  Sinslenel
BTD CBTHIYHGHHD — DieudULID.

o 1 LB auefbSTID 6TedgHl eiBaH61, HL 191 HIG6IT LDBHID
WoBWBB  Hones  STBEIL iUl L 158Hamisel
woByIb eihseflle LGHMBUWMB OHTLHBHID  UTH
S Bigeir QDY  LDBMID  SisVIeNeLBIFH 66T
Budssiu’ L 1Ig8sHamiseT  CHTLSHHID  aUTHe
SN BIB6T 1D FHev LIGHHBHEHDHE6 HIemiiBLD
sMBPR6T  HJD PG, 2 LB eleldl  IDTFML H6V
aelgh  @pgmwenr, OQuengds  BE@Id 2 ulfluib
HTremhiEeTeanTed  alelfl  TFTHE DN 2 | LBHF6e0
Caroupemend GHBHGLD. o ulli  erflOumHL_Heriedr
BHBMHF LTS [N Geueillal(hensH6l,
LensSHHeNeCLUTEHI Geusillall_ (LB SFaFTulemhisepLd
UnsSSHUD  LoBHID FeOUT DLl enFL, STiLsT
GorGammgLenal,  Gumiwedypenanl ,CrLer, GFHen
SUNB6I, LLEHFeWID, Lbeflur 1oBpId erv6lLerdyerd
SMIDB6IT  6l6tILIeN 2 I'LB  6lell  IDTFML HW6Ld
CarimIelli@d BFFTUITRISST LDBBID LOTF T B6iT6T60
SIenL WTMULIBSHSHLILIL (BeiTeN .

QuebuTeome 2 LUBF  &BBTLOL  Q&TNBISE
GuoBulL  euell  OTFTHIHET 2 _6eNHTL  DbDH
2 ILBF &&BBILe060 2 6aImh@Gmeshd 68HmID
S H6T 2 L LUBDCUTH  FHIDTHeMN  HBHTHIILI
UTSHILSHHEMNT 2 ([HITH@GID oBBID FlevBalensnserisd
OTFTHHHeMeT  alend  BBID  COFpley  SHTyewIOTS
FboHeoTel  HHMHM  [HleneVeNIDH6T  GJBLIBEIHBEHTEN
FTHHWMRIGBET ST ILIGESSIBEH.SHHUSWBB 2 1 LB
QU6 HHT HemHd C\BmentL eI[BH6NT LOBHID HL19L_HiH660
aumpld s 1 Hefler Qa6 S E S Bens
fenpb@ "ChTuls &gl APGBUTETs0” 1DHSH6iT
SIUAUBISSIBETT. 2 6085 GHHBTHTT  GYOBHTLIGTH 6
LeeMalursaleiiy 2 e0bHHe0  ShidsTer 2 L LB
QU HHTHHH BTN HIMTED  DlewTenienelTd 3.8
1616V60ULISHT LDESHEHET QF6IIB QI(HL HAHIGT RMBHSHIGTETHIL 63T
AHeTeL@eVmINBUTD  QFHIB  eumLSHaHeT 4,300
@BLILBSHET UL UTESU6TENSI.

uew 2 Iys euel  onFThdselemmsd  gBUBLD
(PHBW HTHSHIGET OBEID UTHILSS6T LBP &S6Lp
eluflébalur_ Beiengl.

8o

1. Yoo

® 0% GIBTHM TOSHTLMSHH 6 HI)HM6IILIY 2 608160
3 LT6060WI6H DS DAHTOUHI 608 F60dH0IHTenaU N6
SiemyauTduleni FMOHHNIGE WLBBID  ai[BHEemenT
&OLmm Ulysmen o ulisdleniaysenmen o 10, OFHSHI
6T o@D  yHsflenwl  eOUTmeNTSL  LTal&Hd
SHHIBENGH FTHTTERIOTEN FoNIDGHH60 OBHID I (BHN6NF
GOLMBMID  BLONYHMBHMET  LLTH  OCFU IS HImBeT.
2 0% IFMAIVID EevmInSUTaID  ellenerdhamenmin
FTHTT DBLLB6T 2 LB U6l LDTFNL HeVIdhHT6T
Q®m  Uysreiomer  cpsolord  STenilLBalsTBEI.
brBssit CoHrmid 78% @BE GLBULL GBLUBISST
o uligdHemiauren elpensll  uTeldbadl  6IfllILGIL 65T
BsuBslsd 84% a0 & BLOLIMISST SFTLOLLBLOTS6 D34 %
U0 GHBIOLIBIGET HBJULMBLOTSHAD SHTIlILBa 6B

SieTTenTeNaNTE 65% e FemIDUIOBLILIBET 6L 1960t
© 1 BHal0 DmIDSBLILILIQHLILIBIL 65T 9%  Seumenel
FEMLOUISVISS Buwsldaiir L Wy (6F:3%:2:5%: [0
SIGVVGI BL19L_g g Geom SIS BLILIBETETHTE0
LITeI6VTH FeLOUWIVENBUT GDI6TT eJBUBLD a6l
LOTF ML 60163 UTAILSHEHHE BL60H BT F 6T,
fpeuisen, (WHOWNiHeT ereiienT LSWITESGTB6NT.
o I 1 auell LOTF6ML_FH6060T SN HendHd
GOBHH  QUTHITH 72% el FMOWIEOBLILIH6IT
LJen & BLIT &3Sl |L_ 65T CBHTHHBLILIL(B6TT6NSHI.LISV
eibseMed  ReLevHHTFE6T  Reu@elsd  LBBEamIgU
LoenTGlewTemTOemIUl,  CQUTEIHSH6  LoBMID  LNeTTerdlgd
QuTLsBemeT QBHLIL LIBBeneudbSad LILITLIBHSHSHISHTE0
o LB  eaefldbsrn  GCaugans 0HBSBEH.ESH60
yemsuled FPw BFFSH USTTHHBISETTE  HTTLIGHT
CorGammpLenal.,  mbSHIFH  @LMFL,  Fooulf
ML L enFL,BUTTLOSVIgsHOBL 6L GlLLITds & 6ot LOBWILD
wBymesr BuimstimeuBslel o _siTeurmighamsuienmsd oefls
GHTHMID LTS UL WD.LTHSH W S uleInsldenauleLig
Qm e SAGLUURISIUI MBS  Celeflel LB
UemsUulell HTdsd 75 OFHTL s 150 euenyulsome
HBI_BHHHeMelT HTHBHHBSHF FLOMTGLD.

[EIIIRERE I [BIETTLDL|&F &1(ThHEW6TT LIBBen6ald&H60
2 s eueiiongFenl &6ds0 Lmflulene] LmkiseiLlsner
QUPRIGHHBSHI. IDHBHHIO  BlLjewrioemen o ulei6LIg
QM  HIEMDUFHGmeT  eifllusTed  gBuBL  suerl
TFTHSH60 135 HAsIL(Bheemenll  LUBBenaIlILISHT6e0
gMBLGBD auelll LOTFTHHNIGEGHF FLoNTELWD. DCHBLITEIM)
2 g|LiGHd), FTDLITTeRT 6T6LITOBENB LBBeNaILILISHTE0
2 LB elell IOTFMLGH60 BLIBS GBS phglw
Leitereiuy DI HeMBUTEBLIY R6eumImaBU N0
BISTDUFSHBeT6T  1OTHMHG  eliuener 6  1Oe0e0luIed
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(HLIT OBBID 2enEHILSHHHeM6T OTHTHS elBLener 30
066G (BT @ LD.

8 (H b 6TH 66T SI606VG| SisVIRIVDH
BIIGTERERM (LPOQUBM LensLilg 860 6uTe0
LB 2 _6TeITRIGeIM &6  WTHLs0euTailgemild
L0 B HSH6VI6uT60 2 11 a6 OTFDL_FH60
BsCE e SLUIeUT6TTS] 60T BHHBHHIILIG
farl  ymasuled 39  euedBWTET  LDTFTHE H6IT

STWILILGISTERD  Qewel  eflH  FBTHTTHMSHLI
uUTAIUEIL 65T @ FBILigel®mhd 5 L ifleveduts (5
X 10%)  miewiglenlsmesst  GeueilleNLILIGeSIL 68T
@glev suu oene] GuTedemssdefs  CrTOBE
maCrraniue 2 B alefldd ol LuBSeams.Re
BleniHlenNbmBHeT 81% Ul 2 WihSH 6IHHMmBHH
CaremBeengl.OFwiedevieTen Lamalligdhsded GumenCs
(LPDSUBB  LeHE 2 _6TITHIGMSBUD @HUl  LOBEID
FUTFUIemU LBml ChTUISEHHE STTIOTS .

aIBaBLIL oBBID FHIL 66BN GHIQLOENET HH60F
Caweiiwenpulsit soem  GeuliuBleney LI L snailed
LD SLEMBUITED QUL L emelsL GMMBHDH
e Cee_maTd sIUGBSI 6 BEH.@LILTL Lenafled
3F B lenele0TIOILITE 0 d &6l SIBymiomnsld
MHBITHMTLIGT LignaUTensoll Lignd LoBmId alpaBriLlsd
Geauefal LB Lensulled Hemioll LIS g EHmhisHee0
ST LGS 65T  SeuBmIsT  [HIIGH6e06T,  Dibydle,
Quenbdfledr  sletiien  LBBICHTWEDHUI 2 (HAUTEINSHDH
STWBLMEN  UESHID. LD  APFHHGIOTUI  6TfFF60,
DIL::E:h) OBOBID QHTHSHSILI L R ELPUIBIGETT
SlILTHe, aIbBar@sHso  (Fibrosis) — sssiBens
CaTBueliLGL 61 BB WFHSSeMBed, AHBFHS
SLEOGHIOT, HL LT, HOUTFHOSHTBHI OBMID BT L
mlieoguized oewLliy Gpmus (COPD) ersiiusisuBpBG,
INeN&GHSHESID.

2. Gyreor euruj (Rn)

GyLesr (Rn, Z = 86) eleiugl  Gyouind (Ra, Z =
88) @e1 Hempelanmed 2 HATGHD 2 6HIHIOT6N
BBoBB eutu] &W.Criaisd Smuasl euemsuilevmet
FIOHTR BT BTGB T RNHl  HHFUIBHHMSH
JBLUGBHSILIME Qeumpleor a FemHellemed
QurGeurellwid o meurdhslul B Smigullsd  FuDTs
LOMWILD.

CrLell SHTHHLOMLWITSH LOBBID  (LPEHETQIBMB  eUTU|
AMBWTE  BTD 2 6iefps@beurs  Hiemyuirsdso
foara.  GrLell LBBID QRH6T DH6T 2 _BLIGHH SH6IT
@ewrenL b 2 _6iTeM(pS@GWweuTs  LflenswienL bl
o sisesemen  elpellugi &1 Hlewguireden Hewi®
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o uilyemidHErpL_ 63T LUBmIGHTemUIS

CarTBmIeléELD.

Q& T’ (B

CrLelledt LITsHmTen cpsvmIBT eiBHH6TaVITEN BefllomIG6I
OBBID S BIOTEMRIGEHHE LWSTLIGSHSIUGID  Heilo
© BUSHBENMTE D6 IOBBID  HHBIBD — ShGID.
SIMOHSH! 106 DBBID  HHBHIBHEV6J6D  H6NTEHLOETE)
Criguid s LGB 5T  BFH  HewPHhbdH  CrLed
Q166N 605 MBS Geueflali_LBasTmal. Gy sofes
ABHs Ujsnen cpeod Beobsle B, BB Fml
e wWlrelwin;(U, Z = 92), Bsmflund(Th, Z =

90), Gruib(Ra, Z = 88) eeiLeeuBenmd  Glbmeu
BeVSHBIQLILITeDM 61T 65T F1D[BEM6VLILIB & 3606060
o ([(HeITEN ). BeVSHBHIgLILITenMB 6160

FLOPMeVLILIGHHe6IMed Bhd& Hm ieney Griguibd
G dlenmgl.

3. Gurisvigemami_

Gumioevigemaml. @& OBTEmIYMHBGD  LFl6iHel
QL (BULIVENS,  HIH6TLILIEOENSH  OBMILD  SHEVIT60TTIY
Bemip Hreuels Swmiiseieo SIF B
LwIsTLBSHSILI[BHE soment. G &6t uITLD GHMBHS

SHETENIDUTEITEL E6VR|BTHE WHWITET6VMD 6T6ITLIGHEITED
@z ol (b BBID SisVeNEE B (BLOTEIBISET,

sraellUBGHH0  LBEID 2 LLBF  &BBIL6S60
UgeusOTs  LWTLIBSHSLILIL (e[ simmal.LisoLE WD
HerBmULBLLEUTS FWITSBUITTLOSOI HEBL

GsusiellLILIBLD eTaTUGIL 65T HEOFBMID CFWsiT(LpenBmenLL
SIBVSHHND OBEBID IS HIfISLILGSHBID.

GumiiosLIgmOBL6UTU | 61flFFeur
L(BID LD6DOT &> 35\ 6 60T Q& TeuTg (HLILIGIL 63T
GUITTLOELIYEMEBL O _6ITEITTHIE 6N & U 63T RG]

G60NT S FWIMIBETS DTS, GHLOL_L 6V LoBMID Hewevuily,
FOUTFDH GHMBUTH 6T6TLIIBENBE QB T6IT6TeVTLD. B 63
Capflemeuu|d 6T1ATOEHBLI LITEIILGBHMEMULD GmBdHdH
fmbed  OFwei(pemBHaTed  SHSLILUGAISH  AHH
STBEMTLL(PID BEBID STBBIF HPBFUID WG LD.
4. HITUGT ML QP NFL_

ST ML QL HFL 6T60TLIGI 6U6IT LOTFTHBIITS SDI606VSHI
ShE alenenaldb@ld  auTWaITed  SHSLULLTAIIQID
RQHe0T DFH CFple] 2 6TeUTRIGHMS (LPEF id I emIBen60
IBUGSHHID.STBBIILSTS — SLigL Biseflsd  Geouemsv
Qb  OFHTPeoTenissT  DlghdHly  HHIBEHHE
Gamirey LOBMID Houad OFavHsd Suieorenio GuTes
afePdseT  gBUBSTS  LUsth  CFuldleipernt
Tl STBOMTL L eiHHm®d HBFHHE0  OBBID
UHw  STBedm 2 smeuThiGasHTed el il
GENMEUEHLU|LD.
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5. &miuer oTGeaITRL a»FL

STTLET GLOTCaIT L eNFL 616HILIGHI & mBHS CFMalsosHmIE
aleneellb @D aUTUESH6THTT60ID RHIGHHSBF CFMIGH60
FGLOT @ BenmmLIanIL 681 LTS SH6TeMIOWITES  SHTdHBIDLF
&TTELITHFRFGLom @ GenTLIenend BapmBmIedILIgGHTEY
Qamisev FBLOTECenmLIemad & emmalenL WF QF 18 6TBEI.
RL s GrCLTECamTLanis @ RenL uileome
Wememrlillenr LevbemHal. @1 ewevurtiy 200 © 300
OLBIE Usorens.@g s FCur@Gemien® eU a6
615 &1 \BIT6IT6N 35l 6m60T H B8 G U IT6NT 6168
sempLlgliLGefeiLy e sumweilest 10 ppmv
Calley ayrafl  wealseaiear FOLTGGsMTLIaMNsL 2%
MOFWeIDSHFOFLILD, BFHe 100 ppmv  Gapley
15% @emen CFwelpdaFeFuILLD. @RBevgment
ST LIGHT QLor@aT@L e»&FLCFl6N b 6hEL SH6d6umsd
eJBLBLD S @PHeT  Hemevaus, GFmiey OBMID
GOBHH 2 FMIHHHMD  PGID,  ADHBTTLISH
CorGeanTgL sna L lFn el 2 GIQITHIGmHUI6TED
SO BB H6EVTLD.

QULPE LT 60T or @ flufeomest L0651 Q60T 65T Gl6w0T UL |
oBBID  IBEBLULS6T,  BIOTDLFSH(HETHET  LOBBID
2 FHILHHHMET LBBeNaIHH0 OBBID LenLIgdhdHe0
eTeoTLIel  &MiLed  QomGeammelenal snl.  LIBLIL&SELD
© LB (PsVBIBeTTHS HHBLILIGIBIL 63T 6B ETHL 65T
BewenrdBLILIL (HerTern QUTHEN S SN BiBeried
Possiul L QubSIhsepd @6l suTujemel
ApNbHOBEH. 2 Wiihd QBT DTS 9L MHIGH6N

OBBID SNV BHOBHTHH BTN — DlYSHH6eNHI 60
urflw  eursen  SHFULLMIGeT  STewrlILIBeUSHIL 65T
Beumnilsd STHBEBIL_L 1D H6VRUDL_[HFHIETETHIL 60T
SIBUIF  FHPFFH el lLBaIdHsoensy TGl
BeumpilenTev SiHBTMOUTsVI6ITET Ly CaaHF6e0
QUTIPLD  LDBBEHHGD DB DIVIEIEVEHETHEE

QUBID DHEBEHHGHID DNCFNBFIUIBIBET JBLBHBS GBS
Gusvid WD gBUELELTH TFTTHmBLIGLB
(BB 6D E6TEHLD B9 BIBH(ETHE6TETHLD LOl60T
Upliumsalsst  srosTlsalul BeTengil e  @eumnslsr
yewauied SmeriL@d SriLeT  Gor@eamel enal snL
GHUTFILSHTED (OF6WIRIB6T FIDLINHSHEUTLD.

6. oerafgFev paluITBEHImqu  CagHerin
Gaiismeumait (VOC)

erefigled ouellumesdamigul  BCFpeanl  Carensumsit
(VOQ) eteiiug)  SHewio  oBmid  SHyeu  euigailevmen
GeueflalL LB SPLLSHeT, @emel  GHBIS WSTED
LOBBID [HEWILHT6V SHHIGT SHBTHTIL LITHILEHSHm6T
2 (HOUTHGLD. VOC SO BHMHHEI
oBpId  SrsGset  (lacquers), &Hsb  QFuIwD
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Qur@Last  (cleaning supplies), wFApTHafseT,
SLIQL HOUTMLS6T  IOBEBID  DIEVRIGBTIHIGET  LDBBID
SiFs @ubdrb(printers), psed(copiers), @0
&yeub(correction  fluids), SILILITR) Gauiuyd
QurLssi(detergents), suTgFeneul 19H6iT(HEF BT D),
uengse(ULyBem), Ldeisen  (adhesives)  Gumsiis
SINIANVE 2 _LIGJEIHIGET  (LPHeUl  LIsOSFLILIL L
swmflliysemedmba Ceusfal ubGalsmal.ellGaFL ore
USSHTE S LU &L 19l HIGemed &L 19l LGLITHL &H6iT
Qrarwenfadluied  FemHaudLsuFlenmed  DiFHere)
erelgled eeluimsdamigul BFsHell Gaiemeussit (VOC)
GeueMailLLLBeusTses psldbemnsull LUl (Beengi.

7. Gumevol 1DHMID @GIGMTEDID DIGVBT
(Molds and Allergens Algae)

FyedliLmer  Gomuyliy OsmemiL 6T  Lighauiled
Gomebl.  GUWWHHEL LD el ST DS
o uii-@yamuer LoBpId SUIBNSL  LIGTTSHIHHISEN6NT
Capmimied Hal RINIENG;) el (ellebsLILIBHES B
® HbHFH FIEILILTEN  [HleNeVsHIDSHEMET &LD L 6hF6mIlD
aleNTaUBIL 601 @l 2 LB euell  OTFENL FHeW6v
JBLIBSHHIS MBI &erflwevemms, Bt QULPMRIFHED
CaT@daHWlst Bisadle QL miseT Cures BiLTigliLimer
@L_BIb6IT DICER LOBBILD BL_IQL_BIG(6THEEH 6N
STeILBoISTe0 RNl GLomedl.  LOBMID  DIELBTEHSH6NT
QoY 2 &hdH FI6VLIL [HeNEVEHLIDHEMET 6)ILDHIEISHIL 63T
GmBhHH STHBEBTLID oBBID STBMIF FIpFS 2 siTen
Blemsueniogeilsy ReuBplenr  euenmidFd  SUFIOSIOTEIGHI.
FyedliLmer  GoBurliLseflsd LLEhFewID alsmTaughil 63
DH PTG HIGHETHMEMUD  6)lg 8 HEm6NTULD
(2_10: ServGuredeverd) LD, QUIBENSUITS
o 'y eueflullell SHrdemd UTHEGWL el wiors
Q& 60600176007 3B 67T 65T oullpLD LL[H&1600T1T & 611160
DHTHSHBIBEHD BIHTUTTOIBEST 2 L LIGBSHI eT0HLO0T
oBHID @eileuTenio GuTeis CrTulIssT giLIBS e
GBI 60mD.

8. EAUaLFaDL GeMIp

SIEOOILITOTEND  6T6ITLIGHI  QUIBENSBWTHS  STewrlILI(BLD
SO,  eINEID DBl FmedIH HBBHB6ET 2 I L
LIeOSTLILIL L 9 BUSHBEDHHE epsOLIOUITHETTES
LWSTLUBSS LGS TBSHI. DIer0GILSTOT6 2 _[BLIg S Hensi
Oeul_HLoGuITg, SIMTHGIDCUTHI DIV
SHememuiBCUTHl BB vl  GUeTsSE  BBID
QrFTwiend  HTHEmIBeTeTe0  Fendalenlwjb  Gurg)
0%  BHIEWIGHIOTET  DeTOGILITOTOD SenpdHeT 2 I LB
aefld@  alBalbslILBSHBH.  DervbLsvFad @60
L6V LOTBMIOIENGEH6NT SHTewlILIGaISIL 6T ~CFTOLIsTenT 6
eI GuITgIeITESL LWSTUBHSSLILIGE B!
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Qs BBOB  AYAUHHED  HTEWILILIGAISHITEL  [BITLD
o eief(pdhs (et  Gsd  STBEBILILTEmSHUTED
@emL_opsld LT BeNBLD. RETLIREN v 6T6BTLIG
GTHIORIT([H  DierOOLITLTeY  6lend, BFH  BFFnuig
amasWTed 2 eteflps@wlurgd BinruiredBaEsit
SUIPLOTEH 26T(BHOYLD, EHET60 DILITUISFLOTEN SHSHTHTILI
UTHOSHSHT 2 HAUTGD.  ervusdgerd G
FH6L  UMBHEDHD  LBBICHTUNET 2 6uon(BLIGNTEmID
ol HBEUTEMHUI  Hevenr  6llEhEhTeID  FnmId 6B,
@Aspeiig 2 eieflepliyseiedmbsm 20 G TLdHsId
30  euemyulevmenr  SemiBHeT  OF6STBLI6OT6ONT FHT6H
UBBIGHTWGSETN (LpHs0 G CHTeirmiLD.

FMHBBOTHE  FMledl 2 LB elefl  IDTFML H6V
GBIBUWIBT6V B L Azw Grruissmer
Cammmielugi 61 FlevBalneTdeed  LDFeRIHIGEN6I
allensred@Lb. 2 'y euefl  DTETSHS BH66H
2 _6IITHIGHmSHUIET60 QuITHIITH BlIewBUIyB
UBmIGmmUl, LSHTSHLD, BHL_L60T, Feo@ymasLD,
BILUCL  1oB@Ibd  Sheowwmer  geourg  Gumuiseit

aTediien gBUBSBH. LA D uleusdenauisLig
QaTevervl_gmed @enmed gBUGBL CHTUISSHTHEMIGMENT
ol 2 1ys euefll  OTFMLSHeVeTe0  gBLBLID
CBTUIS ST SHBBIBENT Fb BT, SNTLOTEN ).
GopBlenpll LIBliLdbseT, g SmULGEH6T, Der0Hhom
OBEID  eruIl  UBBIGHTUI  el6liLe 2 (LB a6
OTFMLH6Vl6 QUITHINITE eNleneTa|BeT ShGLD.

2 'lB el LOTFMLHMED (HBTMLOSHHIOILILIGEHSH60

SHHEBTE  ouTde  GeuefCwmBm o 1pe|E6T  LBBID
UemsBUTh S Beielmibal  Gesllel Ll (b eurarbemns
WLBD, @eu@eled  UTTeHHmlgul 2 1O1De)|H6IT
GTeNTLIEN  QUEMLOGHTL 60  6u6lll  LOTFML HVIGE LITsHTen
UkisTellaseT ouH6a o um  euell  LoTFML SHevIL 60T
QUL BUILITTSBLILIGET  LoTHHTD  susioswr oo el
OTFmLHOV6T — (PHHWID  EeumisTentiILIBeugIL 6T
BeuBiledt HmiBT ElleneTeyBH6IT (G DIBUIBTE0SH I I6IT
SIS B SLILBLD. eTedemILD 2 'us auelfl
OTFMLHVM  ReuGHaTH  Hilomelldbd  (LPIQUITSH]
DIGBHIL6  HWILBTevSHHen  LlemeniHmen S e
SHBTE LITHILSHH6T o Heursd JLEG0. 0FTHs
eipseiled BhiEeT gnlgaurapbCurs o Lym  euerl
OTFMLHEO  61GTLUSH @  DOHH  CBTme0HTT 60T
B BOHSLILGD B 1B6 2 Iys  euelfl
LOTFML HEV6DE  (PHTMDSHSHIOID  OFUIeug  sT6ISHI

Wasa)d  Seudlwiomenr  SeugFgorer  CHemeuwns
eNeThIG S B
2 LB RIRIINE BHIHNSD (PBTENLDHSHIOD

Qe Fmppbs  BBID  Rev@GeuTer  CFUIT(LPSHB
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BL191_MIcb61T 601 SHTBEBTL L GHemBHU|LD, BHTBBIF
FpFdepuiuid GG HSHO DEID, @RH6S LILIGDI6T6T
WPYOBMET ML Senel HLIGL.  QIIQENENLOHEH60
Blemsvu ey 2 GIQITHIGLILIL Beu6wT(BLD.HESIBTH
o sitens alefll &BlFGFevsnID CuTal LFw auerulesr
o I LGmaulemed eiBoend@e SreniliuBld 2 L Ln
oT&FTHS BeMetn QFnley GalemBuI igHaIF6laevsulILIBLD,
R FHTHIIL LUTHILSHSHMETUID FApsd FiTFend Hener

(PSTmLILGHS QL6 E & G LD.BTBEBIL_L (WsiTerm
@_misesv Gugiipment BHIBWIF FPF U601
SIBULBmT  OHTLIILAMTEID  elleneddhamBenim
FeMLOUIGD SIBLIL|HEN6TT el em6aTd SMB6NTT
LOTBBIOIADTEVID  FenowledlerCuTgl giBUBL 2 L LB
Q6T SHBHT LNy & & 6m6dTEh6m6IT &L_BLILIHGHSHEVTID.

g8HEMID LI FHaHeL Femiowied eIBHEhHEGHT OFUIL
Cousmwrnguilpiniesr Curglur  &STBEBITL L Hewsil  GLiswr
Feniowlevsnmuisd  GUTFHUI  WITETELHET — DILEVG
e UGS STeRlILLCalswiBld DHBHIL 60T Eenel
FenowleleTBUTSH FHBHSHHH6L BGouewi(BLD.
SHBOBIILB a6l LOT & T8> 8606m60 GEAETGIY
alewiewid o LB euefllbaHreHema upTofléas  Heler
aibseflsd  FempuwieodliLseMelmba  Celemal LiEid
o _101pe)EemeT  GidhdBfldbe QF W LI L SHTTLesT
QUGB 19H6IT QUTHHHILUBHD FBHHSHI.

SIIOIVDBDH B IgL MIH6NT BB QT G BIH6ITe0
LensLglILIgeumed SHIBTEN UTAIL|HEH6IT
gBubaHenmsd Lsv el mbHwenL b BTHH6e0
Ok HeWL CFWWILILIBETENSHIL 60T DT &HSSL_(HLILIT(H
(BB, LIS HHMIHEH IS S L
BL_mis6rley VST HE [OBIIMEEL M
Uemsllighbeses@ — ollevdd — Slefdaliul [Beteng).
UHSTH  Miorenidaliul L &LIgLRIG6T  DBHID
UAW  HOTUTLBIBET, 2 LISTenhiEmend  ClabTewrL
&L Il miBeMenlen GUITTLOEIENaBL. 6T60MB  WITRI([HEHELD

Cxflbd 2 Lus el  wrgrsSulesr  Gapel
SHBIOMH  BTewIlILBGaIFH T  SauBenpd  HbHHs
SIUUBGSHSHLLILL SLI9L L1IQLITHL_&H6iT SL_(BLOT6OT
CousmevsdEMhd & LWISTLBHSLILIL 6D Gouewi(BLd

DISHBHIL6T  GlgLd  (psdreoni  Gumgiomer  SrHBEMBTL LD
QUPRISLILL 1 HHEH60 Ceuewi(BLp.

L6V sUemBLILL L SHTeN] EeNBIS6T a6l LT dalsemen
DBHEIMEHFDH  dnlgUlenel  slTLFHeme Il |BISHSH
S TeuomueGeredt, sTenBa1 DinuBenm ei(BaETHdE6iTEHLID
DIVEVGH] DIVIGNEVSBE BHLI9L RIGBETHETEHLD GU6NTLILIGTED
o s euefluflesr &y Gubu@l.  USBEUTIHISEL
QeMGHOSTGHULISTOUTSHI  STTU6T DL QL DHFL_L6H6N
IEHHB6hd QLI Fmen 2 _6l6NEBF  HBBILVIHE
(BB BH.NHC6 JEHMID HTOUTHIHET — DieuBNSI6H
9 6IT6MITIT [h&HGH 6 6NLOUITED 2 6II6NBF FHBBL 60601
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HIHMS PUNIBEG 2 WSS WBBeD LML HHMeUE
GHIL  Bemer oI (bF  HFBMTLeET LTSS
FHpugenwiujd Reflentosnuiud COLIHEHEHS STBEI.

e HHUBHDWUD 6 (6 SVHSTIHMSUD 6fl BF
SBBTL6der Gafenenuiu]d QUHBS aleTeEs 2 HhHd
LGOSIDBWIT  HTau]  @ebibeien  GUTSHINIGOUWIT,
aNEhEhTIOUIWIT  IOBWID  elefl  OTFTHEBmeT
DIBHBHBEhFID HMBMIDHET S6LD ST LI (B6iT6nd).

&Talel  SIelmHeHE OBBID  HBBTLED  DIEDIDF 5
BRI 1DHSHUI FHBMBTL60 HHBMFFML E60mIensUT60
o B auefldbardHemnsd (PpeETmLLBGHS GauswiguisHsi

Gerbera (Gerbera Sp.)
Trichloroethylene, Benzene

Peace Lily (Spathiphyllum
wallisii)

Bapdw (PSHEWSHHIOHMHU|LD LOBBILD HIT6V
SIS SHULD &(HHAHMBO\BT6T(H Qseitend
BBID  audpemBHeier  GHT@UL  HWTfles
ST SSIGTENSI.

RevminaUuilsyd  aleMbHIHmed  (PBHTMHBINILIBHDH
w&TeIed  IelhHa BHBID FBMTL 6L DI F6t

BHMEVMIDGHHINNHH T B " HTUIEHLOUIT 60
sTBH  QFwBS LID” e CHFAw  CFWMBISIL L ID
TGS BeTonHIL 6T F  CFwBEHL L a6
(WPpHEW Faml o 1 1m aell LOTFENL_FHEW6V

WPEHTMOHHHIND CFUIHD Y GLD.

Aloe vera (Aloe vera)
Benzene, Formaldehyde

Alcohol, Acetone,
Trichloroethylene,Benzene,
Formaldehyde

Bamboo Palm (Chamaedorea seifrizii)
Benzene, Formaldehyde, trichloroethylene,
xylene, toluene
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Spider plant (Chlorophytum comosum)
Carbon monoxide,Formaldehyde, Benzene
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Climate Change Policy Evaluation by the Use
of Mitigation and Adaptation Indicators
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o SriLanka has initiated mitigation and adaptation actions through sector based policy

measures.

o This study compares the key climate driven performance indicators with historical

data to evaluate climate change policy.

« Mitigation policies are evaluated by using GHG emission pathways under twelve (12)
indicators and adaptation policies are measured under the national expenditure of
key sectors of the economy under seven (07) indicators.

Introduction

Globally, people experience various extreme
weather events such as droughts, heavy
rainfall followed by floods and landslides, and
earthquakes in different scales. This is influenced
by man-made causes including economic
growth backed industrial activities, changing
consumption patterns, and land use changes and
environmental degradation.

This study focuses on climate change policy
analysis in terms of emission levels, and national
expenditure factors of the country along with the
scientific and economic indicators relating them
into climate change policy implementation. The
study is based on empirical data available for Sri
Lanka from international sources such as World
Development Indicators (WDI), International
Energy Agency (IEA), and United Nations

(UN). The study boundary under consideration
is within the geographic area of the country,
whereas country’s impact on nearby regions or
the external impacts (emission trading schemes
and fuel use for international transportation)
on countrys climate change vulnerability has
not been considered. In addition, selection of
climate change indicators is based on the selected
criterion related to the context of Sri Lanka.

Climate change mitigation and adaptation actions
within the country form the basis for evaluation.
National level performance indicators support the
analysis while climate change actions are obtained
for the period from 1990 to 2020. The policy
performance is determined by the performance
of prevailing climate change response targets with
respect to the given period of time.
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Indicators used to assess climate change
policy

Indicators play a vital role in determining
impacts of climate change and suitable indicators
are necessary to manage policy implementation
effectively (Cust, 2011). UNFCCC encouraged
countries to report on CO, emissions as a key

GHG Emmission [GtCO eq/yr

1980 1990

0
1920

ofdataandinformation. Itmaybeacomprehensive
indicator system, but the most challenging task
is to seek for availability of reliable and latest
data for the evaluation. With reference to various
criteria used by different experts in the field and
spatial parameters suitable for the 'Sri Lankan
context', themes identified in Table 1 are used as
parameters for climate change policy evaluation.

- 49 Gt (Uncertainty: + 4.5 GU)
+2.3% yr
- E Gases
-N,0
- CH,

- CO, from land Use

- CO, Fossil Fuel and
Industrial Processes

2000 2010

Figure 1: GHG emission growth rate from 1920 to 2010

Source:

indicator of climate change contribution. This
has been universally recognized to view the
threat of climate change for island nations like
Sri Lanka. As an example, global Greenhouse
gas (GHG) emissions caused by anthropogenic
activities are shown in Figure 1 for the period
from 1920 to 2010.

However, CO, emissions alone cannot provide
the effects of economic policy decisions that
reflect on climate change policy. TPCC uses
scientific indicators (GHG Emission, Ocean and
Surface Temperature Rise and etc.) for predicting
vulnerability and magnitude of climate change
impacts. The policy performance is determined
by the performance of prevailing climate change
response targets with respect to the given period
of time. One key challenge for measuring climate
change policy performance is the unavailability
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However, there are additional socio-economic
and political indicators required to measure the
overall performance of policies and to guide
decision makers on required amendments.
As climate change policy cannot be measured
through direct tangible terms, indicators are
useful to measure the physical changes of
the environment as well. Out of the assessed
indicators, the critical indicators have been
refined based on the following areas of concern:

e Relevance of indicator in terms of
objectives of the study

*  Possibility of obtaining common base
for evaluation through data sources and
country specific measures

» Ability of each indicator to provide
guidance for policy decisions
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Table 1: Data Sourcing of Evaluation Themes

Type of Theme

Source of Indicators

Adaptation

1.

Consumption Pattern and Food Security

WDI (World Bank), FAO, UNFCCC, UNEP, ISIC

2.

Resource Management and Biodiversity
Conservation

WDI (World Bank), IUCN, WWE FAO

Human Settlement and Land Use Planning

UN-HABITAT, WDI (Work Bank), UNFCCC,ADB,APEC,
ILC

4.

Disaster Management

UN-HABITAT, WDI (World Bank), UNISDR, IME ADB

Mitigation

5. Energy Consumption

IEA, WDI (World Bank), DCS (Sri Lanka), CEIC

6. Infrastructure Development and Transport
Management

IEA, WDI (World Bank), CEIC, APEC

7. Industrial Development

IEA, WDI (World Bank), CEIC, UNIDO, WTO

8. Research and Development

WDI (World Bank), ADB

9. Institutional Set-up and Governance

CPIA (World Bank), APEC, ADB, WGI

Generally, fluctuations of GHG emission
pathways help to measure climate change
mitigation response of a country. By considering
the GHG emission levels, energy supply,
transportation, buildings, industry and waste
management sectors are considered as key
themes for mitigation analysis.

Socio-economic indicators generally express the
pathway movement of an economy as a whole
for climate resilient development. This involves
direct political processes and public interests
in general through top-down and/or bottom-
up approach. Potential economic losses from
anticipated scientific evidences are important
facts for decision makers to create climate change
adaptation and mitigation decisions. Adaptation
measures can take different forms such as,
vulnerability and risk assessment, anthropogenic
causes of climate change, and elements at risk
(McCarney, 2012). Therefore, this study has
identified water, infrastructure and settlements,
human health, urban transport, and energy as
key adaptation themes of Sri Lanka which reflect
the socio-economic responses for climate change
adaptation actions.

Additional analysis used here is the GDP share
of economic sectors as a proxy for adaptation.
Data has been collected from 1990 to 2014 and
the trend projected towards 2020. No weightage
is assigned for adaptation and mitigation themes
because both themes are considered equally
important for the success of climate change
policy implementation. The physical dimensions
of indicators are as follows:

1. GHG emission pathways of different
sectors (Mitigation of climate change
impacts through GHG reduction).

2. GDP share of different segments of the
economy (Adaptation to climate change
impacts through reduction of expenditure
on key segments of economy).

Based on the study objectives and availability
of reliable data, key themes identified in table
1 have been derived to a measurable set of
indicators as follows.
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Table 2: Measurable indicators based on identified broad themes

Type of Theme

Relevant Indicators

1. Consumption Pattern and
Food Security

The value of all goods and other market services received from the
rest of the world. Includes forestry, hunting, and fishing, as well as
cultivation of crops and livestock production

2. Resource Management and
Biodiversity Conservation

The sum of oil rents, natural gas rents, coal rents (hard and soft),
mineral rents, and forest rents

3. Human Settlement and Land
Use Planning

CO, emissions from other sectors, excluding residential buildings,
and commercial and public services (kt)

Disaster Management

The sum of public and private health expenditure

5. Energy Consumption

CO, emissions from solid, liquid and gaseous fuel consumption,
Other GHG Emissions (HFC, CH,, NO,, etc.),

6. Infrastructure Development
and Transport Management

CO, emissions from transport sector, CO, emissions from electricity
and heat production

7. Industrial Development

gas

CO, emissions from manufacturing industries and construction, value
added in mining, manufacturing, construction, electricity, water, and

8. Research and Development

Current and capital expenditures (both public and private) on basic
research, applied research, and experimental development

9. Institutional Set-up and
Governance

Domestic and foreign liabilities such as currency and money deposits,
securities other than shares, and loans

Sources: WDI, MDG, IPCC Source/Sink Categories 1 A4and 1 A5

Specific indicators are used to calculate the
emissions and GDP share of the economy
relevant to the study.

The composite graphs for mitigation and
adaptation are illustrated separately. Since Climate
Change Policy was implemented in 2012, it is
highlighted in each graph. It is noted that data
is analysed based on Business-As-Usual (BAU)
scenario. BAU scenario involves the assessment
based on historical data and patterns of change.
Since Sri Lanka is an island nation with developing
status, there are no mandatory pledges to reduce
the emissions as opposed to developed nations.
Therefore, BAU scenario would be the only
scenario to assess the future emissions with the
past trends. Also, this study objective is not to
assess the emission reduction or any other set
targets in global climate change agenda, but to
evaluate the impact of existing policy dialogue in
order to face climate change challenges.
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Use of expenditure as GDP contribution has its
own merits and demerits. It is difficult to compare
indicators —as it is possible for mitigation analysis
— because proxies hold different stands in the
overall economy There is no benchmarking
for contribution to GDP as it can vary in short
terms with government policy changes. Unlike
the mitigation graph, the adaptation graph has to
be used with individual sectors to review climate
change policy. Nevertheless, sector based GDP
contribution provides information on short-
term strategies, which can be related to climate
change policy, in order to achieve its success.

Based on the study objectives, mitigation
responses are indicated by the GHG emissions
and adaptation responses are indicated by the
GDP shares of key vulnerable sectors in the
economy. Accordingly, the time series analysis
with area graphs are shown in Figure 2 and
Figure 3 respectively.
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According to Figure 2, steady fluctuations are
evident throughout the mitigation timeline.
However, when it is considered on the gradual
increase per decade, total emissions has been
increased by 52.8% during the period of 1990
to 2000 while it has increased by only 20.8%
during the period of 2000 to 2010. In the same
way it can be projected that the period from
2010 to 2020 will have only a 15% increase of
total emissions. Therefore, the positive note is
that it shows a decreasing rate of total emissions
in the national context.

The thirty year terrorist conflict in the country
has affected the economy at large, which can
be a reason for the volatility of GHG emissions
until 2009. With the post-war development in
Sri Lanka, the government has initiated major
infrastructure development projects including
airports, harbours, coal power plants, and
highways, which contribute to the steady
increase of emissions. Emission pathway of Sri
Lanka indicates that the highest GHG emissions
is from fossil oil consumption and it reveals
that Sri Lankan economy is heavily dependent
on fossil fuel imports in energy and industrial
sector. This reveals the need to integrate urban
planning efforts not only in the infrastructure
planning, but also in the energy and land use
management sectors in Sri Lanka.

Furthermore, transport sector and electricity
generation contributes highly to GHG emissions.
The negative impacts of fossil fuel based power
plants and subsidized fossil fuel based vehicle
imports are evident in Figure 2. It is necessary for
the government to prioritize mitigation actions
of climate change towards key highlighted
sectors of energy, industry, and transport sectors.
Recent government efforts in introducing public
transport modes could be a positive change
for reducing private vehicle flow especially in
the city limits. Also new introductions such as
bus priority lanes, railway electrification and
upgrade can also be positive changes to reduce
the emissions in transport sector. At the same

NeelaHaritha Vol.3, 2020

time, government could promote electric and
hybrid vehicle market through tax concessions
as a long term measure to reduce GHG emissions
in the transportation sector. But it is not clear
in the energy sector where dependency on fossil
fuel is still the case for a developing country
like Sri Lanka. The policy challenge is that the
cost and technological barriers of alternative
energy strategies such as natural gas and bio fuel
hinder the promotion of comparatively clean
sources for energy production. The emission
graph clearly shows the policy challenges we
face as a developing country and the need for
mitigation actions to be in line with changing
socio-economic strategies in Sri Lanka.

Adaptation  trends are associated  with
expenditure on several impactful sectors of the
economy. The simple assumption used here in
the adaptation analysis is that if the economy
is moving towards self-sustaining order (where
country is less dependent on foreign goods and
services), economy’ resilience to climate change
impacts increases. Thereby adaptive capacity is
stronger than it is for an import oriented country.
Thus, the analysis demonstrates adaptive
capacity on the vulnerability to impacts.
Figure 3 reveals that Sri Lanka has a positive
movement where industrial value addition is
increasing while dependency on imports is
decreasing. Such positive changes occurred from
2012 onwards and central government debt is
the only negative factor which is over 80% of
GDP. Also the lower contribution of Research
and Development (R&D) to the GDP is a clear
negative sign for country’s perception towards
technological innovations to face climate change
impacts. The policy level decisions must support
further R&D in climate change adaptation and
mitigation sectors to use the existing knowledge
of professionals especially in the academia.

Upon implementation of climate change policy
in 2012, Sri Lanka had a steady contribution to
GDP in sectors such as industrial value addition
(33% average), central government debts (81%
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average), and agricultural value addition (11%
average). Even though a number of other factors
may have contributed towards the positive
change, climate change policy has reflected
the results of adaptation analysis. Qualitative
analysis indicates that important changes are
happening in agricultural and industrial value
addition of Sri Lanka and food security through
agricultural research and development which is
addressed by climate change policy of Sri Lanka
(Climate Change Secretariat, 2012). In addition,
mainstreaming of climate change actions into
local level planning is a positive move by Sri
Lanka to improve adaptive capacity to climate
change impacts (Mahanama et al., 2014).

Based on the above analysis, sectors that need
to be prioritized in climate change Policy of Sri
Lanka can be listed as follows.

*  Transport Policy reforms and Public
Transport Strategies

*  Urban Planning and Land Use
Management for Development

* Institutional Set Up and Governance
Mechanism for Climate Change
Secretariat

*  Research and Development on climate
change Vulnerability and Mitigation
Actions

e Environmental Policy and Protection
Strategy of Natural Resources

Island nations are aware of possible impacts of
climate change and the need for strong climate
change policies and actions. The main problem
with climate policy analysis is the difficulty in
setting benchmarks to the expected goals and
objectives of controlling emissions. Each country
must use the best possible targets unless otherwise
any global convention would not be successful
in finding common consensus. Sri Lanka must
use unique trade-off between development goals
and climate change responsibility to reduce the
emissions and thereby improve resilience to the
climate change impacts. Based on the outcomes,
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factors that have significant impacts on climate
change policy objectives are listed as follows:

* Lack of political will and socio economic
dynamics

»  Existing barriers for implementation
as such the conflicting policies, non-
compliance of technical knowledge
among decision makers, and lack of long-
term planning

*  Natural setting of the country
(geographic and climate related barriers)

*  Non availability of appropriate tools to
implement policy objectives

* Distorted timeline for action plans
without considering the socio-political
behavior of the economy

Conclusion

Traditional  scientific  indicators  cannot
necessarily measure climate change policy due
to socio-economic and political decision making
defining the climate change policy of island
nations. Under such a situation, it is difficult to
perceive an instant change in political and social
perceptions towards climate change mitigation
and adaptation. The public never accepts a
change until credible information and reasons are
provided for the change. Inherited uncertainty
of climate change impacts causes complexity
during conveying information to public. In such
a situation, Sri Lanka has undertaken actions to
face climate change impacts.

Most of the identified issues are due to the
conflicts between economic strategies of the
country with climate change action plan. As per
the identified criterion for climate change policy
analysis, recommended policy actions are listed
in Table 3.
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Table 3: Recommended Actions under Adaptation and Mitigation Criterion

Adaptation/ Mitigation
Theme

Policy Recommendations for Sri Lanka

Consumption Pattern
and Food Security

Strong waste management strategy in line with climate change policy
recommendations to avoid unnecessary emissions

Promote responsible consumption as a habit for people to be adaptive to
climate change impacts

Resource Management
and Biodiversity
Conservation

Improve linkage with international environmental protection agencies to
conserve existing natural resources to protect the carbon sinks

Human Settlement and
Land Use Planning

Integrate the land use planning policy with population distribution
strategy in line with climate change policy recommendations to avoid
unnecessary emissions from land use

Disaster Management

Land use policy amendment for disaster risk reduction for coastal
vulnerable zone and fragile eco systems prone to climate change induced
disasters

Long-term actions based on development plans to reduce disaster risks
and thereby costs involved in

Energy Consumption

Amendment of energy policy to reduce the fossil fuel sources and R&D
in renewable energy sector

Implement energy efficiency regulations, building codes, and incentive
system for energy savings in the industrial sector

Infrastructure
Development and
Transport Management

Integrate the road development policy with transportation plan to
improve public transportation efficiency

Encourage public transport actions and clean energy sources for vehicle
standards

Industrial Development

Improvement of industrial distribution strategy to minimize pollution
and emissions both in the production and transportation sector (i.e.
export processing zones near to the ports, bonded highways and bonded
ware houses next to ports)

Target non-polluting industries which can utilize local resources

Research and
Development (R&D)

Integration of climate change policy with R&D institutions to identify
mitigation options

Utilize local education system in to climate change based R&D

Institutional Set-up and
Governance

Reform institutional set up for climate change policy implementation as
a collective form

Allow institutions to conduct independent research and decision making
so as to guide climate change resilience as apex bodies
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The priorities of governments are different in
each sector of the economy and sector evaluation
can use suitable weightage matrix (or similar
interpretation) to highlight the comparative
magnitude of impacts. Further, the method can
apply into individual policy actions to recognize
success or failure of individual sector based
policies such as transportation policy, land use
policy, or disaster management policy.

Adaptation and mitigation policies generally
depend on the capacity of the country and
political economic objectives for the future.
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o Higher Education is identified as a sector that emits Greenhouse gases (GHG).

o The efficiency of Teaching - Learning is affected by the thermal comfort.

o Low Energy consumption and Low GHG emissions in higher education institutions
are required in order to reduce the negative impact of climate change.

Introduction

Global warming is defined as an increase in
combined surface airand seasurface temperatures
averaged over the globe over a 30-year period.
Unless specified, warming is expressed relative
to the period 1850-1900. In this regard, human-
induced warming has reached approximately
1°C (likely between 0.8°C and 1.2°C) above
pre-industrial levels in 2017, and it is increasing
at 0.2°C (likely between 0.1°C and 0.3°C) per
decade (IPCC,2018). The reason behind this
human induced warming is anthropogenic
greenhouse gas emissions. The anthropogenic
greenhouse gas emission has started with the
economic development and population growth
from the pre-industrial era. Finally, it is higher
than ever at present (IPCC, 2014). As a result,
precautionary methods are needed to be taken
to avoid it reaching 1.5°C and irreversible losses

that would take place at 2°C or above (IPCC,
2018).

There are many processes of greenhouse gas
(GHG) emissions with major contributions from
certain sectors. For instance, transportation has
contributed 29% of the total GHG emissions
in the United States in 2017 (EPA, 2017). The
other industries or service providers also have
a certain level of GHG emissions. But, their
contribution is not discussed within the big
picture comparatively to the major culprits.
However, exploring the potential for changes
in product service systems to address climate
change and other global environmental issues
have been considered in some studies (e.g. Roy
etal.,2001). Among them, education sector also
has been identified as such a service provider.
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This emphasises the necessity for reducing the
GHG emissions within the educational service
provider institutions.

Nevertheless, it has been identified that the
global warming has certain impacts on the
teaching - learning environment as well. For
instance, studies have revealed that temperatures
above what is neutral for heat balance should
be avoided in tropical school classrooms due
to their negative effects on the performance of
schoolwork (Porras Salazar et al., 2018).

On this back drop, itis important to identify some
mechanisms to reduce GHG emissions within
the education at institutes. Such an initiation
would contribute to reduce global warming in
one hand and on the oher hand to minimize the
expected negative impacts of global warming on
the teaching — learning process.

Climate change and classroom teaching -
learning performance

Thermal conditions inside the buildings are
varied with both time and space. However, it
is expected to have high temperatures in the
future due to climate change impacts. (Holmes
and Hacker, 2007). At present, the effects of
temperature on comfort have been recognized.
However, the effects on productivity have
received less attention. Hence, evidence has
shown that indoor thermal conditions influence
the productivity of the general tasks like writing,
typing, and communication etc. For instance,
performance decreased by 2% per 1°C increase
of the temperature in the range of 25-32 °C
(Seppanen et al., 2006).

Further, the empirical evidences have shown that
the students generally preferred “cooler-than-
neutral’ temperatures where the temperature
is 2-3°C below the neutrality level, which is
predicted for adults under the same thermal
environmental conditions (Kim and Dear,
2018). In this regard, the indoor operative
temperature of about 22.5°C has been found as
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the students’ neutral and preferred temperature
in Australia. This is generally cooler than the
expected temperature for adults under the same
thermal environmental condition (de Dear et al.,
2015). However, the optimal thermal conditions
for students in tropical regions have been a
few degrees higher than the temperate regions
(Montazami et al., 2017; Trebilcock et al., 2017).
As an example, 26.8 °C has been found as
optimal in a study conducted in Hawaii (Kwok
et al., 1998). For the tropics generally, neutral
temperature was estimated to be about 27°C
(Kwok et al., 1998; Porras Salazar et al., 2018).

When we consider the impacts of temperature
on the learning- teaching process, it has been
identified that both long term and short term
consequences for the learning process which
can affect both school work and the working
life (Porras Salazar et al., 2018). For instance,
Danish pupils who were exposed to increasing
temperatures had shown a reduction in
grammatical reasoning and the performance
of multiplication when classroom temperature
increased from 23 to 28°C. Moreover, the
performance of a memory task reached a
maximum at 26°C and decreased at higher
temperatures (Wargocki. and Wyon., 2007).
Similarly, a study in the USA has found that the
average score in mathematics improved by 0.5%
for each reduction in classroom temperature by
1°C in the range of temperatures between 25°C
and 20°C (Haverinen and Shaughnessy, 2015).

Even though, at present, mostly the adults
undertake higher education, these temperature
requirements are worthwhile to consider for
them as well due to the increasing temperature.
Moreover, a comfortable learning-teaching
environment is needed for better performances
in higher education, especially if it is planned to
provide early entry to higher education institutes
for young groups under the future higher
education policies.
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How higher education sector contributes
to GHG emissions

Similar to any other sector, the higher education
(HE) sector uses different resources and energy.
Therefore, GHG emission is an obvious fact. In
this regard, environmental programmes aimed at
the HE sector focus on two main areas. Those
are reducing energy consumption and waste
generation within the higher education institutes
(Delakowitz and Hoffmann, 2000; Altan, 2000).
In thisregard, efforts have been made on greening
the curriculum by reducing paper work, e-
learning and distance learning modules etc.
(Department for Education and Skills, 2003;Roy
et al., 2008). Similarly, some studies have been
conducted to measure the CO, emissions from
greening the curriculum versus the conventional
modes of teaching. For instance, the four main
types of learning systems in the UK (i.e. full-time
campus, part-time campus, part-time print-based
distance and part-time online courses) have been
compared to 100 hours of total study (10 CAT
points - Under the UK Credit Accumulation and
Transfer system, 1 CAT point = 10 hours of total
study) and it has been revealed that compared
to full-time campus, students undertaking part-
time studies have reduced energy use and CO,
emissions by 65 percent even considering the
computer works and printing.

However, the GHG emissions have not been much
considered over the social value of education
(Roy et al., 2008). For Instance, even though
the CO, emission due to the travelling of staff
and students was similar to the total emissions
from its building stock of the University of
Bradford, it has been neglected by considering
the value of education (Hopkinson and James,
2005). Similarly, the emissions due to air
travel of international students to and from
UK universities have been estimated at around
652,000 tonnes Carbon in 2003/2004 (Roy et
al., 2008). However, this was not considered in
recruitments of international students regarding
the social value of education (Fawcett,2005).
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However, this emphasizes the importance
of reduction of energy use and emissions.
Nevertheless, GHG production ultimately
contributes to global warming and would
impact on teaching-learning environment itself
as mentioned above. Thus, reduction of the
GHG emissions within the HE sector needs to
be started.

The global warming and temperature
projections in South Asia.

The past and present climate trends and
-variability in South Asia can be characterized
by increasing air temperatures. Further, the
rate of warming in South Asia is projected to be
significantly faster than that in the 20" century,
and more rapid than the global mean rate of
warming (Sivakumar and Stefanski, 2010).
Similarly, high temperatures are expected for Sri
Lanka in the future (Esham and Garforth,2013).
For instance, Sri Lanka has experienced 0.016°C
increase per year between 1961 to 1990, all over
the island and 2°C increase per year in central
highlands (Cruz et al., 2007). However, the
temperature projections depend on the GHG
emission levels in the region as well as the future
global levels. This emphasises the importance of
ambient classroom temperatures with thermal
comfort for a better teaching-learning process.
However, the energy utilization should be
minimized for the thermal regulations to avoid
the contribution to global warming itself, which
is the major culprit of increasing temperature at
present (Holmes and Hacker, 2007). Therefore,
it needs to reduce GHG emissions from all the
possible emission paths.

The importance of accounting net carbon
flux to "Green" the higher education
institutes.

The United Nations Framework Convention
on Climate Change (UNFCCC) highlighted the
importance of accounting for net carbon(C) flux
with special reference to emissions by sources
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and removals by sinks. (UNFCCC,2011).
Moreover, The Kyoto Protocol (1997) has
pointed out that CO, emissions from fossil-fuel
use and from other sources can be balanced by
removal of CO, from the atmosphere via a net
increase in the carbon stocks of the biosphere
(West and Marland, 2002). This emphasizes
the importance of accounting GHG emissions
within the sites. Therefore, the net carbon flux
can be calculated using standard protocols and
measures within higher educational institutions.
For that, identification of CO, sources and sinks
within the institutions is important. (i.e. CO,
emissions due to human respiration, wastage
disposal, energy use, absorptions of biosphere).
After all, the low energy using sustainable
educational buildings (Zeiler and Boxem,
2013; Hutton,2011) and CO, sinks (i.e. Tree
Planting, grass covers) are needed to be designed
according to the carbon flux.

Actions to increase the thermal comfort
for conducive teaching - learning
environment and to reduce the GHG
emissions.

The concept of green schools or greener higher
education (i.e. less paper work, e- classes, web
based teaching, distance learning modules)
can be adopted in the educational institution
policy. That will reduce the CO, emissions
in printing, residencies and travel during
the service production. However, a certain
motivation is required to adopt these systems
and awareness creation on the importance of
greening curriculums among the students to
implement these changes along with reducing
the self-limiting motives (i.e. Recycling,
reducing printing ) (Roy et al., 2008). Activities
such as tree planting will ensure the thermal
comfort while ensuring a comfortable learning-
teaching environment (i.e. the shade reduces
heating due to solar radiation). Nevertheless,
a 25-ft tall tree can reduce annual heating and
cooling costs of a typical residence by 8 to 12
percent (McPherson and Rowntree, 1993). The
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trees use heat to evaporate water from the leaves
before it heats the air. Thus, it keeps away the
air conditioners. For instance; if the tree canopy
evaporates 100 gallons of water per day, it would
be approximately similar to cooling provided
by five air conditioners running for 20 hours.
As another measure, lightening the color of
the building and pavement surfaces have a
significant potential to reduce energy use for
cooling (Akbari, 2009).

Conclusions

The green approaches in higher education
are important to reduce GHG emissions.
The greener concepts in education can be
used to plan the courses, mode of delivery
and providing teaching aids. Nevertheless,
sustainable educational buildings can be used to
provide the thermal comfort which is essential
to enhance the teaching - learning process. The
future buildings in higher educational institutes
should be designed to use renewable energy
sources and minimum energy uses. An account
of the net carbon flux can be used to design the
low energy demand or low GHG emissions.
Further, tree planting is a viable option to both
GHG emissions and heat which could be used
to balance the net carbon flux. Furthermore, the
practices of open-learning systems and e-learning
will also contribute to the reduction of GHG
emissions. Therefore, the green approaches in
higher education will impact on the on-site CO,
emissions and thermal comfort, as well as the
overall CO, emission reductions.
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« Introducing the carbon market to the world through the Kyoto protocol

o Preparation of PMR countries for the new carbon market.

o Preparation of Sri Lanka for the future carbon market through the implementation of

PMR project.

Global Approach

People living all over the world are expecting
a greener and more sustainable Earth. In order
to do so, a greater value must be given to the
environment. Therefore, over the last decade,
several initiatives by international organizations
have caused industries to adopt global sustainable
operations. The United Nations Framework
Convention on Climate Change (UNFCCC) was
adopted in 1992 and its major aim was to limit
greenhouse gas (GHG) levels to a point that it
would not interfere with the world climate.
Later, in 1997, the Kyoto Protocol was adopted
under the UNFCCC to strengthen international
response to climate change.

The Kyoto Protocol is an international agreement
that called for industrialized nations to reduce
their greenhouse gas emissions significantly.
The main objective of this was to address the
issues of climate change by introducing a proper
market mechanism. It has been noted in the past
that the global carbon market is growing rapidly

and is well diversified across various forms
of markets, such as the Clean Development
Mechanism  (CDM), Voluntary  Emission
Reduction (VER) and emission allowance
trading. Global carbon market is an important
instrument for international climate change
mitigation (Batagoda, 2008). It is a cost-effective
way to reduce greenhouse gas emissions and
in channeling mitigation finance to developing
countries.

There are two ways to motivate firms to cut their
GHG emissions: carbon pricing instruments,
which provide a direct incentive to reduce
emission, and carbon markets, which help to
reduce the cost of meeting emission reduction
targets, and thereby provide an indirect incentive
to meet the targets. For carbon markets to play
their role as a tool for climate mitigation, there
needs to be a predictable demand for low
cost carbon credits. When there is no demand
for carbon credits, there will be no market for
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generating and supplying these credits.

Therefore, based on the Kyoto experience, the
Paris Agreement established a market-based
mechanism under Article 6 to support countries
achieve their targets at low cost and help raise
their ambition. The Paris Agreement provides
for a robust and ambitious basis for the use of
international marketsand reinforcesinternational
targets, transparency and the accountability of
Parties. Although the new “rules, modalities
and procedures” for implementing the new
market mechanism are still being negotiated, the
opportunities for rebuilding the global carbon
markets as an additional tool for low-cost climate
mitigation are significant.

Atthe same time, several countriesare considering
the possibility of establishing domestic market
mechanisms to limit the growth of their GHG
emissions in a cost-effective manner. To advance
these proposals and to introduce the design
process for these new mechanisms, opportunities
need to be created. The World Bank launched
the Partnership for Market Readiness (PMR) in
December 2010 considering the above facts.

Partnership for Market Readiness (PMR)

The major objective of the PMR programe is to
mitigate the adverse effects of climate change by
reducing GHG emissions by the identification and
implementation of Carbon Pricing Instruments.
It promotes the development of market-based
instruments in developing countries and also
helps to reach the mitigation targets of the
National Determined Contributions (NDCs), to
which all countries agreed after the ratification
of the Paris Agreement. In order to achieve these
objectives, the PMR world programme supports
in the following manner:

 Providing grants for countries to build market
readiness components.

» Piloting, testing, and sequencing new
concepts for market instruments.
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* Creating a platform for sharing experiences
and information about market readiness.

* Creating and disseminating a body of
knowledge on market instruments that could
be tapped for country-specific applications.

» Sharing lessons learnt, including with the
UNFCCC.

The PMR is a trust fund and it is administrated
by the World Bank. The PMR provides financial
and technical supports and it acts as a dialogue
forum for the exchange of experiences between
countries that already have market-based
instruments and countries that are currently
introducing them (MRP, 2017).

The PMR is country-led and builds on countries’
own mitigation priorities and considerations
of market mechanisms. PMR countries are
at different stages of development of market
readiness. As such, they approach the use of
market mechanisms at different paces and
in different ways. Some focus on building
new systems for monitoring, reporting and
verification and data collection and establishing
regulatory institutions and others go further
towards implementation of an appropriate
domestic or international market-based scheme.
Regardless of a country’s choice, such capacity
building and piloting can have cross-cutting
benefits relevant to implementing non-market-
based mitigation actions, designing low emission
development strategies and identifying areas
of low-cost mitigation potential (World Bank,
2018).

The work performed by the PMRisbased onatwo-
tier process. In the first phase, the participating
countries prepare Market Readiness Proposals
(MRPs) in which they list specific deficits of
and measures for targeted development and
implementation of Carbon Pricing Instruments
(CPIs). The MRPs are presented and approved
at a preliminary meeting of the PMR. In the
second phase, the countries receive technical
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and financial support to enable them to develop
and implement the planned instruments (World
Bank, 2016). The vast majority of countries
involved are now at the implementation phase.
In addition to these concrete support measures,
the PMR also promotes the transfer of knowledge
between participating countries by offering
workshops, training seminars and regular
meetings at which participants can exchange
knowledge and experiences.

In the world there are 19 Implementing Country
Participants, 13 Contributing Participants, and
10 Technical Partners for this PMR program.
The Government of Sri Lanka has been an
Implementing Country Partner of PMR since
April 2016.

Partnership for Market Readiness
Program in Sri Lanka:

At the request of the Government of Sri Lanka
to the World Bank, the Climate Mitigation
Action Support Project is being implemented to
support Sri Lanka in identifying, developing and
implementing PMR activities. After successful
submission of the Market Readiness Proposal
(MRP) by the Ministry of Environment, the
PMR endorsed a grant to Sri Lanka for the
implementation of the proposed activities as laid
out in the MRP (MRP, 2017).

Other than the above major objective of the
PMR program in world, there are some specific
objectives of the Sri Lanka PMR program.

Specific Objectives and the tasks of the Project

* Identify the current status, achievements
and challenges of existing Carbon Pricing
Instruments (CPIs) in Sri Lanka.

» Evaluate the  effectiveness of existing
mitigation policies, identify the need for
new policy instruments, and understand
the potential interaction between new
and existing policies and initiating the
development of an optimal policy package.
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* Develop a national MRV system, National
climate change data sharing network and
a Sri Lanka carbon registry system which
require an analysis of NDC targets.

* Develop a roadmap to explore the potential
Carbon Pricing Instruments (CPIs) which can
be implemented in the future where required
to ensure that the economic development in
the country is in a low carbon development
pathway.

* Enhance Sri Lanka Carbon Crediting Scheme
(SLCCS) to support CDM developers in the
country.

Road map for optimal Policy Package
National Climate Change Data Sharing
Network

Monitoring, Reporting and Verification

(MRV) system and Sri Lanka Carbon
Registry (SLCR)

Enhanced SLCCS and Road Map for
potential CPls

Capacity Buiding, Communication and
General Outreach

Figure 1 : Major Achievements of the Project

Sri Lanka explores new mechanisms and policy
instruments to achieve the country’s NDC goals.
Carbon Pricing Instruments are identified
as possible mechanisms to complement and
enhance the role of Sri Lanka Carbon Crediting
Scheme (SLCCS) in supporting the NDC
implementation. Ministry of Environment aims
to evaluate whether new CPIs would help Sri
Lanka in effectively achieving its NDC goals
while also shifting the economy towards a low
carbon pathway. In the longer term, the country
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intends to scale up its mitigation activities by
eventually participating in international trading
of emission reductions, which could potentially
include linking with CPIs in other countries/
regions.

Sri Lanka Carbon Registry aims to design a
national registry system for recording project
or mitigation action details, registration and
approval, reporting of monitoring data, and the
transactional features of carbon units. The registry
is an essential tool through which the success of
the mechanism will be measured and improved.
It will be used for all reporting, collecting, and
checking purposes, storing compliance data
and identifying any cases of enforcement. It will
also track the emissions and trading activity for
registered users over the lifetime of a particular
scheme.

Another important aspect of developing the MRV
and data management system is that Sri Lanka
can use the systemized data for NDC reporting,
to measure and report on impact of climate action
and thus help mobilize finance. The MRV system
can be used to translate overall NDC targets to
sector sub-targets, while providing a framework
and data for reporting on those targets, making
NDCs more realistic and transparent.

The objective of the climate change data sharing
network is to establish a comprehensive data
sharing system in Sri Lanka to fulfill various
types of data needs in relation to climate change.
The network will gather and share data and
information which will be useful for a wide
range of stakeholders such as policy makers,
actuarial analysts, government agencies, private
sector, international donors, researchers, etc.,
and link to the already existing climate change
related databases.

Sri Lanka Carbon Crediting Scheme (SLCCS) is
a voluntary program which supports greenhouse
gas emission reduction and enables companies
to earn Sri Lanka Certified Emission Reduction
Units (SCERs) for their efforts to reduce
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emissions. These units can either be used to offset
emissions or be traded among fellow companies.
Firms in other countries already trade carbon
credits they generate internationally, whereas Sri
Lanka is yet to reach that level. There is a lack of
demand for carbon credits generated in Sri Lanka
in international markets as credibility has yet to
be built up. Therefore, the SLCCS program itself
needs to be further strengthened and recognized
as a credible scheme in the global carbon market.
For this purpose, the framework for monitoring,
reporting, and verification, and registry needs
to be strengthened and made internationally
compatible.
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1.0 Introduction:

All the Parties to the United Nations Framework
Convention on Climate Change (UNFCCC) are
required to report periodically on information
on climate change and their activities in relation
to the achievement of the objectives of the
UNFCCC. The preparation of these periodic
reports, known as National Communications are
submitted by Parties to the UNFCCC Secretariat.

Presently, Climate Change Secretariat (CCS) of the
Ministry of Environment (MoE), as the national
focal point to the UNFCCC, is finalizing the
Third National Communication (TNC) Report on
Climate Change. The main objective of the TNC
Report was to prepare a comprehensive report
on climate change information on how Sri Lanka
is implementing the Convention and further
for highlighting the issues, gaps and constraints
faced by the country on implementing climate
actions. The data and information of the Second
National Communication (SNC) which was
submitted to the UNFCCC Secretariat in 2012
were updated and upgraded in the TNC Report.

The TNC Report comprises of mainly five
thematic areas which include current national
circumstances on climate change, national
inventory of anthropogenic greenhouse gas
(GHG) emissions and removals (carbon

sequestration) for the base year 2010, climate
change vulnerability and adaptation measures
to provide adequate resilience to climate change
adverse impacts, potential mitigation options
for reducing GHG emissions and increasing
removals and other relevant information such
as the need of capacity building, education and
public awareness, technology transfer, financial
and technical assistance.

2.0 The means and ways of preparing
the TNC

The means and ways used for the preparation
of the TNC Report have been a multi-phased
process in conducting literature surveys,
reviewing information in the SNC Report,
expert judgments, independent reviews, peer
reviews, sectoral and national level stakeholder
consultations for data collection and validation
of the findings of each section such as GHG
emissions and removals, mitigation assessments
and essential information related to vulnerability
and adaptation measures.

The data and information provided by the
stakeholders and data collected by the sector
experts have been evaluated by using selected
formulae and approaches of Inter - Governmental
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Panel on Climate Change (IPCC) and followed
UNFCCC Guidelines for the preparation of the
TNC Report.

Accordingly, the 2006 Revised Guidelines of
the TPCC were used to calculate emissions from
Energy, Industrial Processes & Product Use
(IPPU), Agriculture, Forestry and Other Land
Uses (AFOLU) and Waste for the GHG Inventory.
Revised 1996 Guidelines of IPCC were used for
the calculation of emissions of precursors, CO,
NO* and NMVOC in the energy and estimation
of HFC emissions in IPPU sectors. Emissions
were calculated in unit of mass and in CO,
equivalents using the Global Warming Potential
(GWP)'. Emissions and carbon sequestration in
the GHG Inventory were estimated using the
Tier I Method (applying default emission factors
developed by the IPCC) for the time period of
2000-2010.

Potential Mitigation Options that could be
implemented in nationally appropriate manner
in Sri Lanka were identified based on the GHG
Inventory prepared for the TNC Report on the
above sectors. Further, potential Mitigation
Options were identified for the respective sector
for the period of 2010-2030 using the GHG
Inventory prepared for the TNC Report. The
baseline scenario and the mitigation scenarios

were developed to identify potential GHG
emission reductions for the above period.

Vulnerability to the adverse effects of climate
change has been assessed with the degree of
climate change risks in the future for floods,
droughts, landslides and sea level rise affecting
agriculture, livestock, fisheries, irrigation, water
resources, health, biodiversity and ecosystems,
human settlements and tourism sectors, in line
with  Nationally Determined Contributions
(NDCs)? and National Adaptation Plan (NAP)?,
in keeping for different geographical areas such
as districts and divisional secretariats.

Past and future climate analysis were conducted
using data of 19 surface weather stations
maintained by the Department of Meteorology
of Sri Lanka from 1980 to 2015. Future
climate predictions have been projected using
short, medium and long term time horizons;
using downscaled (25km grid resolution)
Representative Concentration Pathway (RCP)*
4.5 and 8.5 as per the Fifth Assessment Report
(AR5)° of the IPCC) (IPCC, 2014)

Socio economic analysis was principally
conducted based on secondary information and
data using expert judgment. The analysis focused
on socio economic impacts due to climate

1 GWP is a quantified measure of how much of heat a greenhouse gas taps in the atmosphere up to a specific time
period, relative to carbon dioxide. GWP weighted emission are measured in units of CO, equivalent.

2 NDCs are the national commitments under the Paris Agreement communicated by the parties to the UNFCCC to

achieve the long term global goal of the Paris Agreement.

3 The NAP process was established under the Cancun Adaptation Framework (CAF). It enables Parties to formulate and
implement national adaptation plans (NAPs) as a means of identifying medium and long term adaptation needs and
developing and implementing strategies and programmes to address those needs. It is a continuous, progressive and
iterative process which follows a country-driven, gender-sensitive, participatory and fully transparent approach.

4 RCP is a greenhouse gas concentration (not emissions) trajectory adopted by the IPCC. Four pathways were used for
climate modeling and research for the IPCC fifth Assessment Report (AR5) in 2014. The pathways describe different
climate futures, all of which are considered possible depending on the volume of greenhouse gases (GHGs) emitted in

the years to come.

5 AR5 is the latest in a series of reports published by the IPCC assessing scientific, technical, and socio-economic
information regarding climate change impacts. It was released in three installments over the course of 2013 and 2014
and an additional synthesis report was published in November 2014.
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change as well as impacts due to implemented
adaptation measures. PESTLE (Political, Social,
Technology, Leal and Environment) methodology
was used to the assessment. AR5 climate risk
framework has been applied for this assessment
and Deutsche Gesellscharft for Internationale
Zusammenarbeit (GIZ)® Risk Formula was used
for risk calculations (GIZ, 2017).

Preparation of the TNC Report is a multifaceted
approach in consultation with different sector
experts.The diagram in Figure 1 shows the
preparatory arrangement of the TNC Report.

The TNC Project Executive Board was established
under the Chairmanship of the Secretary,
MoE comprised of members representing the
Department of External Resources, Department
of National Planning, CCS and UNDP Sri Lanka
for overall supervision and advising on the
activities identified in the TNC Report.

A Project Management Unit (PMU) was
established in the CCS of the MoE in order
to internalize the TNC activities. The PMU
worked closely with the experts, UNDP Sri
Lanka and the other stakeholder organizations
in data collection, selection of methodologies,
determining the guidelines for the assessment,
validation of clear pathways for the preparation
of TNC Report.

Consultancy services have been obtained
for the preparation of TNC Report from the
sector experts of GHG Inventory, Mitigation
Options, Vulnerability & Adaptation and other
information related to national circumstance,
socio economic assessment, climate education,
technology transfer and gaps & constraints.

An Independent Review Panel was formed to
guide the process of preparation of the TNC
Report and provide inputs for any adjustments,
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amendments and further analysis required to
ensure the accuracy and the quality of the TNC
Report. Bi weekly meetings with sector experts
and monthly progress review meetings with
Independent Review Panel were conducted to
overcome the obstacles for effective climate
change communication through the TNC Report.
The inputs and comments given by the members
of Independent Review Panel were incorporated
into the reports produced by the experts. Further,
Independent Review Panel meetings were
organized for mutual understanding between the
consultants and PMU to ensure quality outputs.

Furthermore, Technical Evaluation Committees
scrutinized all the technical reports including
data capturing, selecting of default emission
factors, IPCC  guidelines,  calculations,
vulnerability assessments and other related
issues of the sectoral reports submitted by the
consultants.

3.0 Key Outputs of the TNC Report
3.1 National Greenhouse Gas Inventory

National Greenhouse Gas Inventory of the TNC
Report provides the estimates of anthropogenic
emissions and removals by sources in Carbon
Dioxide (CO,), Methane (CH4) and Nitrous
Oxide (N,O). The TNC Report also provides
information on gaseous emissions such as
Hydrofluorocarbons (HFCs), Perfluorocarbons
(PFCs), Sulphur hexafluoride (SF,) and
information on emissions of precursor Carbon
monoxide (CO), Nitrogen Oxides (NO,),
Non-Methane Volatile Organic Compounds
(NMVOCs) and Sulphur Oxides (So ) for the
reported period of 2000 - 2010.

Relevant Ministries and Departments were
involved in the GHG Inventory preparation
process, including but not limited to MoE,

6  GIZ standers for German Corporation for International Cooperation. GIZ has involved in the various environment and
climate change related activities in adaptation and mitigation. GIZ has developed a Climate Risk Formula to assess the

vulnerability to adverse effects of climate change.
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Fig. 1:
Source:

Ministries of Agriculture, Energy, Industry,
Livestock, Water, Finance, Planning etc. to
provide necessary information and policy
guidance for including GHG Inventory
recommendations in sectoral plans and national
strategies.

3.2 Vulnerability and Adaptation
Measures (VAMs)

The Department of Meteorology of Sri Lanka
using the emission scenarios developed by the
IPCC that was RCP 4.5 (moderate emission)
and RCP 8.5 (high emission) have identified
the variations of temperature and rainfall during
the four seasons namely; First Inter Monsoon
(FIM), South West Monsoon (SWM), Second
Inter Monsoon (SIM) and North East Monsoon
(NEM) for three horizons, stipulated as short
term (2020-2040), medium term (2040-2060)
and long term (2070-2090).
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Preparatory arrangement of TNC
Writer developed for the 1st Project Executive Board

These projections have identified negative rainfall
anomalies in the dry zone leading to prolong
droughts and positive rainfall anomalies with
more intensive and frequent rainfalls in the wet
zone, leading to flash floods in the low lands and
landslides in the up country. These projections
have spatial differences in four monsoon periods.

Focusing on the risks of the climate change
vulnerability, required changes in laws and
regulations, institutional set up and their
coordination structure have been identified for
combating vulnerabilities and addressing them
with requisite adaptation measures.

The findings of sectoral reports can be used as
mean to identify the most vulnerable sectors,
areas and activities of national priorities in terms
ofadapting to climate risks and mitigating climate
change. Results of VAMs provide Sri Lanka with
a basis on which to plan adaptation measures
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more strategically and to raise awareness and
strengthen capacities related to climate change
resilience building.

3.3 Mitigation Options

The assessment of mitigation options aims to
identify the actions already taken and potential
mitigation measures that can be implemented to
reduce anthropogenic emission of greenhouse
gases in different sectors at national level in Sri
Lanka with the aim of supporting the global effort
of limiting the human-induced global warming.

The baseline scenario reflects a future in
which there will be no addition all policies or
programmes designed to require actions that
need to reduce GHG emissions or enhance
carbon sinks. A baseline scenario is considered
a critical element in the abatement assessment
since the benefits and incremental cost of
mitigation options are directly linked to the
sound definition of the baseline scenario
(UNFCCC Resources Guide, 2009).

In this scenario, the most recent and current
emission levels were projected to future emission
levels envisaged for each type of activity up
to 2030. The projections were made based on
assumptions of population growth, GDP and
other macro-economic variables obtained from
official sources.

The mitigation scenario was structured in
accordance with a set of criteria reflecting
country specific conditions such as potential
for large impacts of GHG reduction, economic
impacts, consistency with national development
goals, potential effectiveness of implementation
policies, sustainability of an option, data
availability for evaluation and other sector
specific criteria.

Potential mitigation options can be used to
investigate how to promote national climate
change actions and mobilize financial resources
based on the long term outcome of mitigation
options.
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The findings of mitigation options of the TNC
Report provide relevant information and
valuable insights for the policy makers. It also
helps to identify what further work is needed in
order to determine emission reduction targets of
NDCs under the Paris Agreement.

4.0 Major Achievements

4.1 Development of Sri Lanka Climate

Change Knowledge Repository

Sri Lanka Climate Change Knowledge Repository
(SLCCKR) was digitally developed, as a one-stop
repository of climate change related information
in Sri Lanka.This repository can be utilized
to disseminate the knowledge and share the
research outputs on climate change among
academia, policy makers, private sector, civil
society and the general public across the country
(http:// www.cckr.climatechange.lk).

4.2 Development of Climate Change
Database for Future Reporting

TNC database included all the data sets used
for GHG Inventory preparation, vulnerability
assessment and formula used for TNC Report
to identify the amalgamated impacts/risks of
climate change in different sectors and the actual
vulnerability at the Divisional Secretariat Division
(DSD) level. This database developed following
the TPCC and UNFCCC guidelines, will help to
minimize the data gaps for various actors in the
climate change fields. The CCS invited respective
institutions and the experts to share the relevant
data and information on climate change in Sri
Lanka through this database.

4.3 Communication and Research
Strategy on Climate Change

The Climate Change Communication and
Research Strategy (2019-2030) was developed
to address communication and awareness gaps
in Sri Lanka for efficient, effective and result
oriented climate change communication. This
strategy is also aimed at addressing the existing
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research gaps and future needs and constraints
in communication through establishing a
sustainable mechanism to connect with different
stakeholders that contribute for reducing
vulnerabilities to adverse effects of climate
change and mitigate greenhouse gas emissions
in the future.

Under this Project, CCS called proposals for
research grants in 2018. This is the first step
towards creating a national strategy and action
plan for climate research. The proposed research
has addressed one of the areas on climate change
adaptation/loss and damage, vulnerability to
climate change, climate change mitigation/
GHG emission reduction and/or integrated cross
cutting fields which is related to climate change.

4.4 Development and Validation of
Country Specific Emission Factors

The CCS has identified the need for establishing
a transparent and coherent mechanism to
develop country specific emission factors under
08 thematic areas’ to use in assessing the GHG
emissions in the country. In the TNC Report
preparation process, default emission factors
were used. Using default emission factors for
calculating GHG emission in the country does
not reflect the real/accurate values. Therefore,
many experts’ forums recommended to develop
or establish country specific emission factors.
The CCS invited the researchers in the country
to contribute their research findings on country
specific emission factors for validating them for
using to assess anthropogenic GHG emission in
Sri Lanka for future reporting.

4.5 Awareness Creation and Capacity
Building on Climate Change

As it was expected to incorporate provincial data
and information into the TNC Report on climate

change, stakeholder consultation workshops
were conducted for the nine Provincial Councils
to make them aware of on-going climate change
programmes and activities for obtaining their
inputs and increase their capacities for addressing
climate change issues in the respective Province
with the intension of establishing a Provincial
Climate Data Portal for future communication
purposes.

Awareness and capacity building programmes
were conducted for selected officials of all
the Provinces to establish provincial climate
institutional set - ups for the preparation of
Provincial Adaptation Plan (PAP) for each
Province focusing on the essential elements and
resilience building opportunities and climate data
collection mechanism. Establishment of a Climate
Cell under the purview of the Chief Secretary
would enable the Government of Sri Lanka to
accurately and timely contribute their situations
in the National Communications reporting.

The capacity building programmes were
successfully conducted to enhance the capacities
of the stakeholders who were involved in the TNC
preparation process to effectively contribute for
climate change reporting. Further, the awareness
materials; 10 story boards, 10 video clips, 02
documentary films and newspaper articles on
climate change were produced to make all aware
of the impacts of climate change. A television
programme was organized to make the general
public aware of prevailing climatic conditions in
Sri Lanka and how to build resilience to meet the
adverse effects of climate change.

5.0 Constraints and Challenges
5.1 Dataand Information Gathering

The issues related to inadequate data availability,
unavailability of required data in required
format/reporting template, reliability issue

7 Thematic areas for developing country specific emission factors such as energy industry, transport, manufacturing/
construction, commercial and household, agriculture, Industrial Process and Products Use, land use, land use change

and forestry and waste.
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in data sources, lack of frequency of data
collection, availability of fragmented data, lack
of information and researches on climate change,
lack of coordination among the line Ministries
and their relevant agencies, unavailability
of data sharing mechanism among the state
organizations are some of the constraints faced,
during the operationalization of the Project.

Delaysin submission of reportsby the consultants/
experts due to lack of data, prolonged debates
among the national experts and stakeholders on
selecting formulas to be used for GHG Inventory
preparation, lack of expertise for vulnerability
assessment of different sectors and controversial
debates pertaining on selection of methodologies
were some of challenges among the many.

5.2 Insufficient Research Findings on
Climate Change

There was a challenge that the consultants faced
on delivering their specific reports on time due to
unavailability of required data and information
mentioned in their Terms of References.

Further, there is still a lot of obstacles in the
process, as the required information is lacking
for effective decision making and related action.
One of the main reasons was insufficient research
conducted on the climate change scenario
building.

6.0 Recommendations

The TNC Report preparation process identified
several areas which need urgent attention, that
include the assessment of vulnerability of the
different sectors on climate change adverse
impacts particularly vulnerability due to sea
level rise, drought, floods, landslides, increase
of temperature, development and introduction
of adaptation measures and actions for reducing
GHG emissions in the industrial, transport and
agricultural sectors, need of regularly update the
GHG emission inventory etc..
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Information of TNC Report preparatory works
ensured that climate change issues were not
isolated and considered the national and local
set up as well as national development priorities.
Environmental concerns were integrated into
national and provincial strategic planning
processes to mitigate climate change issues. This
national communication was also an important
strategic tool to help Sri Lanka to align her
interests and priorities. As such, TNC Report
continues to serve as an educational tool and
an information source to other multilateral and
bilateral processes under the UNFCCC.

Further, national communicationsare highlighted
the need for the strong cooperation and
collaboration among the various stakeholders in
the country. The information and data gathered
in the GHG Inventory and vulnerability &
adaptation studies are beneficial for developing
adaption projects and adaptation related policy
directives.

Furthermore, the critical issues should be
addressed during the project development
phase focusing on the existing government
policies, regulations, institutional set up and
information sharing system in the country.
Mitigation assessment, as a part of the national
communication, should focus for identification
and screening of mitigation options, not
only in terms of GHG reduction potentials
but also regarding the opportunities for local
environmental and economic benefits.

The TNC Report preparation process, in a
nutshell, provided enormous benefits for the
country in terms of raising awareness on climate
change related issues among all the strata of the
society, built the capacities of many stakeholders
who are responsible for addressing climate
change related issues in the country, established
a solid network among the relevant stakeholders,
identified the gaps, constraints and national
needs to address the climate change issues in the
country efficiently and effectively.
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This study was conducted to estimate carbon retention potentials in harvested
timber logs from state-owned Teak, Eucalyptus and Pinus Plantations.

Carbon retention potential of logs was estimated based on collected field data
and compared with carbon gained by stand trees, which was determined by yield
tables.

According to the study, the average carbon retention of all three species is 157.18
tonnes per hectare and the average amount of sequestrated atmospheric CO,is
576.86 tonnes per hectare. This study emphasizes that Pinus logs have retained
the highest carbon amount (81.68 tonnes per hectare) while Teak reported the
lowest (14.34 tonnes per hectare).

According to the results, Eucalyptus shows the highest annual carbon retention
per tree (12 kg tree'year') while Teak shows the least 1.52 kg tree'year™.

Therefore, Eucalyptus contributes to sequester the highest amount of CO, (44.04

kg tree'year') over the other two species.

Introduction

Carbon dioxide (CO,) is the most effective
gas among greenhouse gases (GHGs) which
provoke the greenhouse effect, global warming
and propel to cause several other climate effects.
Climate change occurring throughout the
globe is a serious issue that affects both biotic
and abiotic systems of the earth. Three most
powerful greenhouse gases in the atmosphere
are carbon dioxide (CO,), methane (CH,), and
nitrous oxide (N,O).

Carbon (C) is one of the most abundant
elements on earth and it is a naturally occurring
component of the earth’s atmospheric gases such
as carbon dioxide (COz) and methane (CH4).
Due to industrialization and human interference
carbon emission in the atmosphere has increased
tremendously. Some of the emerging threats to
the environment include increasing greenhouse
gases and damage to the ozone layer. Heat-
trapping of CO, leads to the greenhouse effect
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which results in global warming. Therefore,
various measures are required for long-term
carbon retention to reduce the atmospheric CO,
level.

CO, is naturally captured from the atmosphere
by trees for long-term storage in their lifetime
through the process of photosynthesis. Forests
absorb CO, from the atmosphere and store in the
biomass of trees. Forests are a very effective sink
of carbon, which captures a substantial amount
of carbon dioxide and converts into fruitful bio-
products like timber, food, fibre and fruits for
human consumption.

Capturing carbon (C) from atmospheric CO,
and converting the inorganic carbon to organic
compounds are involved in the process of
carbon sequestration. According to the Inter-
Governmental Panel on Climate Change (IPCC),
there are five carbon pools of a terrestrial
ecosystem involving biomass: above-ground
biomass, below-ground biomass, the dead mass
of litter, woody debris and soil organic matter.

The aboveground biomass of a tree constitutes
the major portion of the carbon pool. It is the
most important and visible carbon pool of the
terrestrial forest ecosystem. The below-ground
biomass, which constitutes all the live roots,
also plays an important role in the carbon cycle
by transferring and storing carbon in the soil
(Abeysekara et al. 2018).

The 7™ conference of parties (CoP 7) of United
Nations Framework Convention on Climate
Change (UNFCCC) that met in Bonn (Germany)
in July 2001 decided to include Afforestation
and Reforestation (A/R) as an effective way
to reduce atmospheric carbon by building
up terrestrial carbon stocks and to produce
Certified Emission Reductions (CERs). It has
been suggested that improved land management
could result in sequestration of a substantial
amount of soil carbon and could be an option to
reduce atmospheric CO, concentration (Paustian
et al.2000; Post et al. 1990; Yadev et al. 2012).
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Forest management such as rotation length
is seen as an activity that countries may apply
under the Kyoto Protocol to help them meet the
commitments for the reduction of greenhouse
gas emissions (Watson et al. 2000). Individual
trees sequester carbon within their main stem
wood, bark, branches, foliage and roots. Carbon
sequestered by the main stem wood results in
longer sequestration while other components
sequester and release carbon at shorter intervals
due to natural pruning and decomposition.
Carbon sequestration potential of trees varies
with species, climate, soil and management.

Globally, the importance of plantation forestry
is increasing due to the depletion pressure on
natural forests and the difficulties in accessing
increasingly remote areas of natural forests
available for wood supply (FAO 2001la). In
addition to their industrial timber products, the
importance of forest plantations has increased
substantially during the last two decades, because
of the increased awareness on global climate
change and the role of forests in regulating the
global carbon cycle (Dixon et al.1994; Clark et
al. 2003; Clark 2004a; Houghton 2005). Thus,
carbon stock is essential for the sustainable
forest management (SFM); it is also important
in assessing the contribution for the carbon
sink potential amounts of the logs of the forest
plantations.

In Sri Lanka, forest plantations have been
established by the Forest Department since the
1880s to meet the increasing demand for timber
and fuel wood (Pushparajah 1987; Sahajananthan
1987). State Timber Corporation (STC) is the
prioritized leader which provides the timber
requirement of Sri Lanka. Timber is the basic
requirement in household and industrial basis
and needed locally for building constructions,
manufacturing furniture, producing railway
sleepers, electrical transmission poles and
elephant poles etc. Almost all the existing forest
plantations of Sri Lanka consist of fast-growing
exotic trees such as species of Eucalyptus sp.,
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Pinus sp., and Tectona grandis (Vivekanandan
1987).In Sri Lanka, a majority (33%) of the
plantations consists of Teak, the second-largest
percentage (28%) consists of Eucalyptus and the
other plantations consist mainly of Pinus (12%)
(FAO, 2009). In higher elevations (1200 m and
above) Pinus spp. and Eucalyptus spp such as
Eucalyptus grandis, Eucalyptus microcorys are the
more successful plantations (Sivananthawerl and
Mitlohner, 2011).

The carbon sequestration potential of a forest is
determined by its biomass production. Increasing
forest biomass per year indicates the potential of
absorbing atmospheric CO, and decrement of
atmospheric temperature within a given period.
Many methods have been developed to estimate
biomass in forests and other vegetation types.
These methods differ in procedure, complexity
and time required depending on the specific
aim of the estimation (Gunawardena, 2014).
The most common approach to estimate the
aboveground biomass is to estimate the biomass
with tree variables such as Diameter at Breast
Height (DBH) or and tree height (stem volume)
and the wood density at the oven-dry stage of
the log.

The objective of the study

The purpose of this study is to estimate the
carbon retention capacity of felled timber logs in
comparison to the carbon retention capacity of
tree stands in order to surmise which sequesters
more carbon during the lifetime.

Methodology

Usually, some percentage of carbon is emitted
during the process of harvesting, nevertheless,
log form can be considered as the form that
stores carbon for a long period. The data of the
Management Information System (MIS) of STC
were used for this study.

The data was collected from clear-felled
plantations throughout the country by STC
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in 2017 and 2018. The total felled extent was
1,779.80 hectares which, having 422,665 trees,
produced a log volume of 167, 077.51 m’ (Table
1). According to the data, the average age of
selected Teak plantations was 46 years while the
Pinus plantations were an average age of 43 years
and the Eucalyptus plantations were an average
age of 30 years. Selected Teak plantations were
distributed among the districts of Ampara,
Anuradhapura, Jaffna, Kandy, Kurunegala,
Monaragala, Polonnaruwa while the Pinus spp.
were distributed among Bandarawela, Matara,
Nuwara Eliya, Rathnapura, Kandy districts and
the Eucalyptus grandis and Eucalyptus microcorys
were distributed in Bandarawela and Nuwara
Eliya districts.

Sequestered carbon amount was calculated
through the harvested log volumes of the clear-
felled plantations. Wood volume was calculated
through the mid girth and the length of the log
of felled trees according to the STC volume table.
Amount of carbon stock of logs was determined
based on IPCC (2006) guidelines. Species-
specific wood density at 0% moisture level and the
log volumes were used to calculate the biomass.
Total carbon of logs was calculated by IPCC
default carbon fraction (0.47) and the amount of
trapped CO, in logs was estimated by converting
carbon to CO, by using the multiplication factor
of 3.67. All calculations were done separately for
the selected species: Teak, Pinus and Eucalyptus.
Appendix 1 contains the equations used for this
study. Appendix 2 contains the yield table data
for the three species.

Results and Discussion

Table 1 shows the results of the estimate of
carbon and volume calculations based on data
in 2017 and 2018 of selected plantation species.
Out of these three species, teak was found in
the majority i.e 1406.20 ha of forest plantations
released by the Forest Department for clear
felling. Although Teak possesses the highest
percentage of hectares i.e. 79.01% among the
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plantations of Teak, Pinus and Eucalyptus,
carbon sequestration from Teak is less than that
from Pinus (Table 1). Among the analyzed three
species, Pinus sequestered the highest percentage
of carbon from the total sequestered amount
representing 48.24% (284.50 ha). In harvested

logs of those three species 47,783.94 tonnes of
carbon was retained in harvested logs for both
2017 and 2018, which sequestered 175,367.05
tonnes of atmospheric carbon during those two
years.

Table 1: Estimations of carbon retention amounts through calculating volumes based on the density
values and other data collected in the year of 2017 and 2018 relevant to the selected three species
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Logs — Species Year & §Z SR > & =& 98 2
S ~ E f -g ~ E N = E —g (7] £ £
52 E: EES ¥r F5PE g
o & s AEs | A8 [HdoaE O
Teak 2018 836.40 155,072 35,954.20  42.99 | 10,865.72 39,877.19
Tectona grandis
Avg age - 46 yr
Wood Density (0% MC)
- 643 Kgm’- 2017 569.80 | 121,352 29,562.00  51.88 8,933.93 32,787.53
Total Teak 1,406.20 | 276,424 | 65,516.20 19,799.65 | 72,664.72
Pinus 2018 12430 | 56,230 40,177.50 | 323.23 | 10,782.44 39,571.54
Pinus sp. 2017 | 16020 76,402 4573200 28547 1227310 4504227
Avg age - 43 yr
Wood Density (0% MC)
- 571 Kgm™
Total Pinus 284.50 132,632 | 85,909.50 23,055.53 | 84,613.80
Eucalyptus 2018 26.60 2,518 6,393.81 | 240.37 2,013.41 7,389.22
E. grandis
E. microcorys 2017 62.50 11,091 9,258.00 | 148.13 2,915.34 10,699.31
Avg age 30 yr Wood
WoodDensity (0% MC)
- 670 Kgm™
Total Eucalyptus 89.10 13,609 15,651.81 4,928.75  18,088.53
Total of all the species 2018 987.30 | 213,820 82,525.51  606.59 | 23,661.57 86,837.94
2017 792.50 | 208,845 84,552.00 | 485.48 | 24,122.37 88,529.11
Total of both years 1,779.80 | 422,665  167,077.51 47,783.94 | 175,357.05

Table 2 shows the comparison among the
selected species on the differences between
the average timber stocks and carbon stocks.
According to the estimated average values of
14.34 tonnes ha', 81.68 tonnes ha' and 61.17
tonnes ha' of average carbon amounts are
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deposited in logs of Teak, Pinus and Eucalyptus
respectively. The average felled Teak plantation
extent was 703.10 hectares annually which
consisted of 138,212 average numbers of trees
and produced 32,758.10 m’ average log volume.
As it consisted of 199 average Teak trees per
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hectare, it was able to produce 47.43m’ average
log volume per hectare. This volume retained
an average of 9,899.83 tonnes of carbon. This
number represents 41.43% of the total carbon
production of all three species. Thus, the amount
of average carbon retention per Teak tree is 0.07
tonnes.
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Table 2: Comparison of all the average amounts of timber stocks & average amounts of retained carbon
amount in selected three species within both 2017 & 2018 years

- |z
D 5]
S = g
s — o o 5 = T
& N - T | 3| % ~ |2 8 |
E 8 ¢ = =} °>{ —"« E E o
g - - = = 9 7 i~ = <) i)
P s 8 s = £ g g g - Y < >
g 5§ = < B S g g £ g £ g § =
o g g g = " S g g Y = g $S
& |2 & | £ g g S 2| £ e 3 £ &
= * & E £ E g g 2 7 3§ Z3
g ° S = £ S 2 c < ¥
> < = = g g g
S o S S & g g
= >< g =
o j£8] o 5]
o % =
g & =
R
Teak 79 703.1 ) 199 0.24 9899.83 | 14.34  0.07 | 215.21 47.43 | 113 34.1] -57.9
Pinus 161 1423 465 0.66| 11527.77 | 81.68 0.17 | 268.09 | 304.35 296 80.0 2.0
Eucalyptus 5 445 | 136 1.69 2464.38 | 61.17 | 0.36 82.15| 194.25 | 320 | 100.77| -38.7
Totak 889.9 23891.97
Expected volume is referred from provincial yield = Estimated timber and carbon stocks differ

table. The expected yield of the volume per hectare
can differ with the age, log dimensions and the
site classes. However, 46-year-old Teak plantation
should produce 112.8 m’ log volume per hectares
at clear-felling stage according to the yield table
data (Appendix 2). Even though 47.43 m’ of
timber volume were gained from Teak per hectare,
it has shown a 57.9% of timber volume reduction
than expected. This has affected to decrease the
sequestered carbon amount per hectare. However,
these plantations have the potential to sequester
19.76 tonnes more per hectare of carbon if there
are no administrative and management issues.
The reason for this reduction might be poor forest
management practices with other adhering facts,
such as inadequate financial allocations, illegal
felling etc.

in the other two species. The total extent of
Pinus released from the Forest Department to
State Timber Corporation is 142.3 hectares per
year. This extent contains an average number
of 66,170 trees, which produced an average
42,954.75 m’ of log volume. This amount is very
high in comparison with Eucalyptus plantations.
The reason might be the higher amount of
stocking (465 trees ha), that produces 301.97
m’ average log volumes per hectare.

According to the calculations, Pinus plantations
have fixed 11, 527.77 tonnes of carbon annually
in logs (81.68 tonnes per hectare). The mean
carbon storage in a stand is is 0.17 tonnes tree™.
Moreover, Pinus plantations produce 2% more
than the expected timber production. Therefore,
it can be reasoned that with released plantations
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that a majority of felled plantations might be
categorized under a better site class.

The extent of felled Eucalyptus species
(Eucalyptus grandis and Eucalyptus microcorys) is
only 5% of the total released extent due to the
temporally logging ban in higher elevations of
the country. The average stocking of Eucalyptus
was 136 trees ha' in felled plantations and the
average amount of retained carbon is 2,464.38
tonnes. This amount represents approximately
only 10% of the total carbon retention of all
three species. According to the estimations, the
retained average carbon amounts of Eucalyptus
sp. were calculated by considering both
hectares and enumerated trees. Accordingly, the
estimated values for the average retained carbon
amounts gained for Eucalyptus are 61.17 tonnes
ha'and 0.36 tonnes tree™.

According to the provincial yield table (Appendix
2), Eucalyptus species can produce a 260 m’
haof timber volume at the age of 25 years with
13.8 m’ mean annual increment. Consequently,
a 30-year-old plantation would have the
ability to produce approximately 320 m’ ha
I However, it shows a 38.7% of decrement
of carbon retained amount than expected, as
Eucalyptus plantations retained 61.17 tonnes
than the expected 100.77 tonnes of carbon per
hectare. Additionally, Amarasinghe et al. (2018)
reported that a 30-year-old Eucalyptus grandis
and Eucalyptus microcorys can produce 182.15
tonnes ha' and 202.91 tonnes ha' above
ground carbon (AGC) respectively. When this
is converted, AGC to carbon in logs is 109.07
tonnes ha'and 121.50 tonnes ha' in Eucalyptus
grandis and Eucalyptus microcorys respectively.
Thus, Eucalyptus plantations of Sri Lanka have
more potential to sequestrate carbon than the
other two species. Less sequestration might be
due to low stocking and the other susceptible
factors such as improper forest management due
to lack of funding and the stocking decreasing up
to 136 trees ha! than the optimum value (200-
250 trees ha'). Proper management of forest
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plantations is the key to obtain maximum yield
and for effective sequestration of atmospheric
CcO

.
This study confirmed that carbon fixation
varies vastly among species due to differences
of growth, wood densities and the stocking.
The results of this study show Eucalyptus as the
best CO, sequestration species among the three
species due to the highest mean annual carbon
retention value per tree and also per hectare. All
three species studied retain 23,892 tonnes of
average carbon amounts in logs which are equal
to 87,683.5 tonnes of average sequestered CO,.
Average carbon retention per tree varies with
the selected species as 70 kg tree”, (Teak) 170
kg tree’! (Pinus) and 360 kg tree”! (Eucalyptus).
Therefore, mean annual carbon retention per
hectare of Teak, Pinus and Eucalyptus are 0.30
tonnes ha' year-!, 1.90 tonnes ha'year-!, 2.06
tonnes ha' year -' respectively and the mean
annual carbon retention per tree is 1.52 kg tree!
year', 3.95 kg tree! year', 12 kg tree! year!
for Teak, Pinus and Eucalyptus respectively.
Through the reduction of CO, through proper
forest management, wood products will be an
added advantage for increasing terrestrial carbon
stock while enhancing carbon sequestration
and contributing to climate change mitigation.
Accordingly,  the  above-selected  species
contributes to reducing CO, from atmosphere by
5.57 kg tree! year', 14.49 kg tree! year-', and
44.02 kg tree! year' consequently from Teak,
Pinus and Eucalyptus respectively.

Both Teak and Eucalyptus have reported less
timber volume than the expected amount in
provincial yield tables, resulting in less carbon
retention, and the reason might be the poor
growth performances and poor silvicultural
management. By comparing the results with
provincial yield tables, the deficiency of carbon
retention amounts or the CO, sequestered
amount in logs from one-hectare plantations
of Teak and Eucalyptus is 57.9% and 38.7%
respectively.
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However, it clearly emphasizes that maintaining
proper forest plantations consisting of high stocks
in high dense wood species such as Eucalyptus
will contribute to sequester atmospheric carbon
in high amounts. According to the age of the
plantations, younger plantations sequestrate
more carbon than the older plantations (Zhou
et al. 2017). Therefore, managing younger
plantations and establishing new plantations
after harvesting matured (old) plantations assist
to sequestrate the maximum amount of CO,.
Reduction of CO, by proper forest management
and wood products will be an advantage
for increasing terrestrial carbon stock while
enhancing carbon sequestration. Through this, it
will contribute as a mitigation strategy for climate
change impacts. Compared to the global scale,
carbon stock in the wood of forest plantations of
Sri Lanka may be very little even though it is very
important at local scale emission reduction. UN-
REDD (2017) reported Sri Lanka’s forest reference
level and reported that the total emission from
deforestation is estimated to be 4529 (‘000 tons
of CO, equivalent) whereas total removals from
forest gain are 70(*000 tons of CO, equivalent).
Thus, long-term carbon stocking of wood from
forest plantations may have a significant impact
to increase forest gain.

Finally, by increasing the biomass of the trees,
proper production of wood and establishing high
stock plantations after felling old plantations will
benefit to capture more CO, from the atmosphere
and to sequester the maximum level of carbon
that will lead to higher carbon deposition in
logs. Stored CO, from the atmosphere as a
carbon component in timber can be preserved
by practicing correct timber conservation and
preservation methods, the right use of timber
species and application of \ preservatives and
seasoning standards. Further, the correct use and
maintenance of end wood products will result
in increasing the lifetime of wood products.
The Institutes in Sri Lanka such as STC which
directly engage with proper forest management
and proper preservation of wood products will
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be added advantage for increasing terrestrial
carbon stock and saving carbon for long-term as
converted wood products. The reduction of CO,
through proper forest management and storage
in wood products will give an added advantage
for increasing terrestrial carbon stock while
contributing towards climate change mitigation

Conclusions

» Carbon fixation varies vastly among species
due to differences of growth, wood properties
and the stockings

e According to the results of this study,
Eucalyptus can be identified as the best
species for CO, sequestration due to gaining
the highest mean annual carbon retention
amount in logs

» All three species studied retain 23,892 tonnes
of carbon amount in logs within selected
years which is equal to 86,683.5 tonnes of
sequestered CO,

* Carbon retention per hectare varies with the
species as 14.34 tonnes ha', 81.68 tonnes
ha'and 61.77 tonnes ha'of Teak, Pinus and
Eucalyptus respectively

» Carbon retention per tree varies with the
species as 70 kg tree!, 170 kg tree’ and
360 kg tree’! of Teak, Pinus and Eucalyptus
respectively

* Mean annual carbon retention per hectare of
Teak, Pinus and Eucalyptus are 0.30 tonnes
ha™ year', 1.90 tonnes ha'year', 2.06 tonnes
ha year! respectively.

e Mean annual carbon retention per tree varies
as 1.52 kg tree! year!, 3.95 kg tree! year', 12
kg tree”! year for Teak, Pinus and Eucalyptus
respectively.

* Accordingly, Teak, Pinus, Eucalyptus
sequestrate about 5.57 kg tree''year’, 14.49
kg tree''year', and 43.2 kg tree'year' of
atmospheric CO, subsequently.
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* Teak and Eucalyptus produce less timber
volume than the expected yield in the
provincial yield tables, the reason might
be the poor growth performances due to
site characteristics and poor silvicultural
practices.

* Thus, teak and eucalyptus species have
sequestered less atmospheric CO, than the
expected potential, which is only 57.9% and
38.7% of the expected amount for Teak and
Eucalyptus respectively.

* Proper management of forest plantations to
maintain apposite stocking of fast growth and
high carbon accumulating species such as
Eucalyptus is one of the key facts for higher
carbon gain and also higher CO, reduction
amounts.
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Appendix 1
Equations used for the analysis

Carbon estimation

IPCC (2006) guideline was used for the carbon calculations.

Equation 1 was used for carbon estimation per log:

Cppe =V, x D) x CF »

>

Where C,__is the carbon per log, kg; V, is the timber volume, m’; CF is the carbon fraction of dry matter
t(tons d.m.)"!, (default = 0.47)

Equation 2 converts Wood density at 12% moisture content to 0 % moisture content

Y = Wood density (12% MC) x 100 2

112
Y = Wood density at 0% moisture content, kgm?
MC = Moisture content

Density values - Ruwanpathirana, N.D. (2016). Timber manual: pp. 366,370,372. Carbon dioxide
estimation

Carbon dioxide estimation
Equation 3 converts the amount of log carbon to atmospheric CO,.
Aty = C X Eqr ©))

Where C,_is the carbon per log, kg; Eqr is the CO, equivalent ratio: 3.67
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Appendix 2

Yield Tables for Teak, Pinus & Eucalyptus

EXTRACTED INFORMATION FROM THE YIELD TABLE FOR PINUS, TEAK & EUCALYPTUS
Removals
Age Vol / ha M.A.I
Species Years No. of Trees/ha m’s.ob m?’s.ob Cutting Type
TEAK 50 220 128 3.8 Clear Felling
PINUS 30 380 206 9.1 Clear Felling
EUCALYPTUS 25 200 260 13.8 Clear Felling

Ruwanpathirana, N.D. (2016). Sustainable Forest Management: pp. 211-212.

By using above values from the yield table, the expected volumes for a hectare were calculated for
all species.
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« Finger joint is a recognized technique connecting two small pieces of timber together

o This technique is used in Sri Lanka for non-structural purposes such as making

timber boards and furniture

o Issues related with the strength of the joints are still not fully investigated under Sri

Lankan conditions

« With higher tensile strength, finger -joint technique can be used to manufacture
furniture and minimize the use of small sawn timber planks in boilers

o This technique will enhance the mitigation of greenhouse gases and assist in carbon

sequestration

Introduction

Human induced climate change is one of the
most pressing and complex issues facing society
in the 21% century. Increased use of forests
and wood products, does make an important
contribution towards tackling the problem of
climate change although it does not necessarily
reduce greenhouse gas emissions at source
(Hannah et al, 2004). Trees sequester carbon
during their lifetime, absorbing carbon dioxide
(CO) from the atmosphere and storing it in their
mass. For every kilogram of wood grown, 1.5 kg
of CO, is removed from the atmosphere (ASCE,
2010). Storing CO, in wood could therefore be

considered as an effective means of mitigating
climate change, though wood also releases CO,
when it is used as fuel (Philippe, 2013).

When comparing the various heat sources:
wood, coal, fuel oil, gas or electricity, in respect
to climatic impacts, the pertinent characteristic
is the emission factor, which is the amount of
carbon (or carbon dioxide) emitted per unit
to released energy. Substitution of wood for
fossil fuels does not reduce emissions of carbon
dioxide because the emission factor of wood
shows a higher value than that of other fuels in
common use. Thus, giving the primacy to carbon
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sequestration is vital to increase the carbon stock
in forests, wood products or in some kind of
long-term wood storage, (Philippe, 2013).

While using timber in construction and furniture
manufacturing industry, waste timber materials
and short-length sections of timbers which are
dumped by sawmills is considered to be a matter
of concern. However, some of this discarded
timber planks are already being used to fuel kiln
dried boilers. Finger joint is a sustainable, eco-
friendly and economically valuable concept in
furniture industry (Sandika et al., 2017). Finger
joint is a recognized technique connecting two
small pieces of waste timber together to ensure
sustainable utilization. Currently, the technique
is used in Sri Lanka for non-structural purposes
such as making timber boards and furniture.
However, issues related with the strength of
the joints are still not fully investigated under
Sri Lankan conditions. Consumers are paying
their attention to the strength of finger joint
productions. This study was undertaken to
determine the tensile strength performance of
both un-jointed (clear) and finger-jointed four
species of timber with 13 mm finger lengths and
4 mm finger pitch.

Materials and methods

Un-jointed and jointed finger joint samples were
cut from seasoned defect-free sawn wood timber
to calculate tensile strength properties. Finger
joint specimens were made at finger joint factory
of the State Timber Corporation (STC) at Boossa
using 13 mm finger joint length cutters, and an
assembling pressure of 6 Nmm-* was used in this

study. Clear timber specimens taken as control
specimens and finger jointed timber specimens
with same dimensions were made with constant
finger geometry such as 13 mm Finger Length, 1
mm Tip width and 4 mm finger pitch. A recent
research reported that no significant difference
in the tensile strength of finger-jointed lumber
was found between horizontal and vertical finger
formation (Min-Chyuan et al. 2011). Finger joint
geometry is shown in figure 1. Polyvinyl acetate
(PVA) SWR adhesive was used as bonding agent
(Glue type) for finger jointed wood (Muthumala,
2018).

I-length =13 mm

*
Ip p - pitch =04 mm
t - tip width = 01 mm

1
(13 mm)

Figure 1: Finger joint geometry

Table 1 shows the timber species mainly used in
furniture industries in Sri Lanka. In this study
these timber species were used to calculate
tensile strength properties.

The specimens were prepared from defect-free
sawn woods, and dimensions of the sample
prepared for above test are shown in figure 2.

Table 1: Four timber species mainly used for furniture manufacturing industries in Sri Lanka.

Timber Species Botanical Name Timber Class (STC)
Grandis Eucalyptus grandis Class 11

Mahogany Swietenia macrophylla Luxury

Pine Pinus caribaea Class-111

Teak Tectona grandis Supper Luxury
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Figure 2: The dimensions of the samples prepared for
tension test.

The density values were calculated for seven
timber species using the following equation (Eq
01). Dry weight of the timber samples was taken
by placing in the electric oven at 105°C for a
period of 48 hours (BS EN 373:1957).

Weight of oven dried wood (kg) (Eq—01)
Volume of wood (m?)

Density=

Determination of basic density was done based
on the green volume and oven-dry weight using
a water displacement method. Moisture contents
were measured using a moisture meter.

Ten replicates were made for each timber
species. Samples which were placed in normal
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room temperature conditions showed good
structural performance compared to hot and wet
conditions (Vievek et al,2016).

BS 373: 1957 and BS EN 15497:2014 were used
as standards for tests. The test for tensile strength
was performed by Universal Testing Machine
(UTM 100 PO).

Determination of the Tensile strength

Maximum load act in timber section was taken
into calculation. Equation 2 was used to calculate
the Tensile strength (BSI, 1957 ).

(Maximum Load )
(Average cross section
area of specimen )

Tensile strength
of timber =

N/mm?*(Eq-02)

Results and discussion

Dry density values and moisture content of the
timber species are shown in table 2. Dry Density
values varied between 460 (kg/m?) to 720 (kg/
m’) in 12 % moisture content.

Table 2: Dry density values and moisture content of timber species

Timber species Density (kg/m3) Moisture content %
Grandis 570 £5 11£2
Mahogany 570+ 3 12+1
Pine 460 + 2 12+2
Teak 720 £ 5 12+£2
Table 3: Finger joint efficiencies of four timber species
Timber species Mean tensile Mean tensile strength =~ Strength Difference | Joint efficiency %
strength of clear of finger- joint (Clear - joint) (N/mm?)
specimens(N/mm?) = specimens (N/mm?)
Grandis 103.16 50.24 52.92 48.70
Mahogany 47.64 35.77 11.87 75.08
Pine 83.23 17.04 66.19 20.47
Teak 124.25 36.47 87.78 29.35
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Table 4: Mean C stock (t ha)

Timber species Mean Carbon stock (t ha') of monoculture forest plantations of
Sri Lanka in 2008 (De Costa & Suranga, 2012)

Grandis 132.72

Mahogany 97.57

Pine 130.19

Teak 42.70

According to Table 03, the highest mean
finger-joint efficiency percentage (75.08%) was
obtained from Mahogany timber species and
the second highest mean finger-joint efficiency
percentage (48.70%) was recorded in Grandis
timber species. The least mean finger- joint
efficiency percentage (20.47%) was recorded in
Pine timber species. Mean finger- joint efficiency
percentage varied as:Mahogany>Grandis>Teak
>Pine.

Table 4 shows the mean Carbon stock (t ha') of
commonly used timber species of monoculture
forest plantations of Sri Lanka in 2008 (De
Costa & Suranga, 2012). The lowest amount
of mean C stock was showed in the timber
species of Teak (42.7t ha-1) and the highest
amount of mean Carbon stock was showin the
timber forest species of Grandis (132.72t ha™').
However, fast grown species generally consume
higher amount of resources, which are more
sensitive to resource availability (Amarasinghe,
2018). Pine is a fast-growing species, which
shows the second highest Carbon stock (130.19t
ha™). Therefore, use of short- length sawn timber
pieces for finger- jointed furniture production
could contribute to carbon storage.
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Conclusion

The following conclusions can be drawn from
this study:

The highest tensile strength was recorded in Teak
clear specimens and the lowest was recorded
from finger- jointed Pine timber specimens.The
highest mean finger- joint efficiency percentage
(75.08%) was obtained from Mahogany timber
species and the lowest (20.47%) was recorded in
Pine timber species.

This study illustrates the joint efficiency of
finger- jointed four timber species. The present
findings could be effectively used in finger- joint
manufacture.

Furniture is the portable equipment used in
various human activities such as seating, working
and relaxing. This end can be considered asa form
of decorative art. Finger- joint techniques can
be used to manufacture furniture and minimize
the use of small sawn timber planks in boilers
through which sequestration of the carbon stock
in wood products could be enhanced.Hence,
investigating the tensile strength of finger jointed
products is important.
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Building ‘Climate Smart Cities’
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 Cities are more vulnerable to climate change with sprawling population and

unplanned development

« Cities generate more greenhouse gas contributing to global warming.

 Both mitigation and adaptation measures are required to enhance the resilience of

cities.

 Urban planning should focus on features of climate smart cities to ensure sustainable

life styles

Background

Cities are magnets for employment, businesses,
and education opportunities in many countries.
However, cities consume 78% of the world’s
energy and contribute to 60% of global
greenhouse gas emission (UN Habitat, 2019), a
major cause for climate change. City ecosystems
are increasingly vulnerable with increasing
population, often fueled by rural-urban migration
in the face of adverse climatic conditions and
loss of rural livelihoods. Rising sea-level and
increasing frequency and intensity of storms,
cyclones, drought, floods, landslides, and heat
and cold waves expose a large population and
infrastructure of cities.

Densely populated cities face the brunt of the
damages of climate induced disasters. Displaced
population, loss of lives and livelihoods,
and damages to property and infrastructure

contribute to large economic losses. According
to the International Disaster Database (2018),
climate related and geo-physical disasters
resulted in 10,733 deaths, and over 60 million
people affected all over the world (CRED/IRSS/
UCLouvain (Review 2018). In 2018, natural
disasters cost the world $225 billion. In the Asia
Pacific region alone, extreme weather-related
disasters caused 89% of the economic losses
(downtoearth.org). One of the most disastrous
events of 2019 was typhoon Hagibis, which
flooded 25,000 ha in Honshu, Japan. The
typhoon claimed 79 lives, left more than a dozen
people missing and 2400 homes damaged or
destroyed (Tokyo, CNN).

Although the cities are the engine of economic
growth in many countries, they also give rise to
formidable socio-economic and environmental
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challenges. At the forefront are social inequities,
management of water, land, and waste; inadequate
or inappropriate development of infrastructure
for transport, energy, and buildings; governance;
and environmental degradation and increasing
ecological footprint. Increasing frequency and
magnitudes of natural hazards exacerbate many
of these challenges.

When cities expand amidst unplanned,
inadequate, and poorly managed service
systems, they lead to unsustainable production
and consumption patterns and as a consequence
pollution and environmental degradation. How
should our cities look like in the future?

William  Eisenstein  (2001) highlighted in
“Ecological Design, Urban Places, and the
Culture of Sustainability” that the world faces a
future characterized by expanding metropolitan
regions and ecological crisis. According to
Eisenstein, the 21 century will be the first in
the history in which a majority of humanity lives
in cities. And if the present trend continues,
it may also be the one in which those urban
populations inflict irreversible damages on the
earth’s living system. It is imperative that we re-
think the relationship of urban dwellers to the
natural environment.

The 20™ century models of urbanization didn’t
include full consideration of future outcomes and
path dependencies. The use of the private mode
of transport and urban sprawl became dominant
trends. However, in the 21% century, planning and
management of global urbanization expect the
cities to fully achieve their potential to increase
prosperity and social cohesion and bring about
improved standards of environmental efficiency,
citizen health, and well-being and strengthen
international relations (foresight.futureofcities@
bis.gsi.gov.uk).

In recent years, many urbanization concepts
emerged, especially to address the challenges of
population growth, water scarcity, Urban Heat
Island, energy demand and health. Popularly
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known as, Sustainable Cities, Ecocities, Green
Cities, Water Cities, SMART Cities, and Climate
Smart Cities, all hope to achieve;

a)  Resource augmentation

b)  Material and energy intensity management
¢)  Smart and intelligent systems

d)  Pollution and waste prevention

e) Pollution and waste management

f)  Land use planning for urban ecosystems
g)  Mobility management

h)  Socioeconomic equity
Defining ‘Climate Smart Cities’

There are many definitions for climate smart
cities, converging from those that focus
exclusively on the infrastructure to those that
focus more on enabling citizens and communities
to act smarter. While no one definition suits all
cities, a definition which suit most concepts is:

“A smart city is an innovative city that uses
information and communication technologies
(ICTs) and other means to improve quality
of life, the efficiency of urban operation and
services, and competitiveness, while ensuring
that it meets the needs of present and future
generations concerning economic, social and
environmental impacts. (Moir et al., 2014)

With the growing concern for global warming
and the urge to keep the temperature
below 2°C, the United Nations Framework
Convention on Climate Change (UNFCCC)
has introduced the program on Climate Smart
Cities (www.climatesmartcities.org). The
UNFCCC framework highlights energy efficient
technologies and climate resilience.

Therefore, Climate Smart City is a city with
built infrastructure with resilience to adverse
impacts of climate change, and low carbon
technologies to reduce greenhouse gas emissions,
ensuring healthy and comfortable living for the
urban population (MMDE, 2019).
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India’s Climate SMART Cities

India is one of the top 10 emitters of greenhouse
gases accounting for 6.5% of global GHG
emissions (WRI,2017). The Government of India
declared its intension of reducing the emission
intensity by 33-35% by 2030. Nearly 44% of
India’s rapidly growing carbon emissions have
urban origins, deriving from transport, industry,
buildings, and waste.

The Ministry of Housing and Urban Affairs
(India) initiated the “Climate SMART Cities
Assessment Framework for the 100 smart cities
envisaged to provide solutions to address water
stress, heat island effect, increased frequency and
severity of extreme weather events such as urban
floods/ droughts and air quality. This program
has identified 30 indicators across five sectors,
namely, energy and green buildings, urban
planning; biodiversity and green cover, mobility
and air, water resource, and waste management.
This assessment framework aims to be SMART
(Specific, Measurable, Actionable, Relevant and
Time-bound). (Gol, 2019).

Planning Climate Smart Cities

Risks from natural hazards vary with locations of
cities in mountainous, plateau, or coastal regions
and those adjacent to major rivers. Governance
is a major issue in enhancing resilience, but
participatory management of local governments
and the communities is a key feature of Climate
Smart Cities. Local governments need to establish
a baseline of potential hazards and vulnerabilities
and prepare a GHG inventory for mitigation
measures. Indiaidentified 31 indicators of the five
sectors to assess requirements and monitor the
effectiveness of Climate Smart Cities (GOI 2019).
While local governments and communities are
better informed and empowered to confront the
potential impacts of climate change, it is equally
important to promote policies, technologies, and
citizen’s participation to manage Climate Smart
Cities.
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Implementation of ‘no-regret’ policies and
measures in the five sectors is a better option
regardless of the consequences of climate
change. A well planned Climate Smart City
has adequate capacity to face natural disasters
with climate resilient adaptation and mitigation
strategies and hazard-specific awareness and
capacity building of the population (Paterson,
2009). Furthermore, Climate Smart Cities
should have various policies and management
instruments such as regulations and standards,
taxes and charges, tradable permits, financial
incentives, voluntary agreements, information
instruments, and research and development,
after consideration of the national circumstances
and sectorial context (Paterson, 2009).

Mitigation and adaptation actions to natural
disasters in Climate Smart Cities should be
implemented simultaneously. They complement
each other and needs streamlining to address
climate change impacts and together address
part of the risks of Climate change. Reducing
the GHGs by changes in lifestyle, behavioral
patterns, and management practices can make
significant contributions in improvements to
the regional environment and could contribute
to better health and well-being and economic
efficiencies in households and businesses.
The application of low carbon development
technologies such as renewable energy, smart
traffic systems, etc., and circular economy
concepts for waste management will enhance
the establishment of Climate Smart Cities (Moir
etal., 2014)

Cities in Sri Lanka

According to the last population census in 2011,
Sri Lanka has 20.359 million people, of which
3.704 million (or 18.2% of the population) are
urban residents living in 64 municipal areas in
nine Provincial capitals (Table 1). According
to this definition of urban residents, Sri Lanka
ranked 11" lowest urbanized country in the
World in 2018 (UNDESA, 2018). However,
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the official definition of urban population data
does not show the true extent of urbanization.
According to the Agglomeration Index (Uchida
and Nelson, 2008), an alternative measure of
urbanization using multiple indicators, shows
between 35 and 45% of the total population is
urban, while the recent government of Sri Lanka
(GoSL) policy documents estimate 50% urban
population.

Urban expansion has occurred outside the
municipal boundaries creating low density

urban sprawls. This ‘hidden’ urban fringe shows
the need for revisiting the definition of urban
areas and a revision of municipality boundaries.
Further, there is an unequal distribution of
resources and services across cities. A greater
range of urban services and access to resources
are available in cities in the Western province,
especially those connected to the capital
Colombo, while access to resources in cities in
the north, east, and more remote central areas
are limited (GoSL,2018).

Tablel: Sri Lanka’s urban areas as per 2012 census (Source: GoSL,2018)

Province No. of Urban Population Provincial Capital Population of

Municipalities Capital
Western 21 2,272,194 Colombo 561,314
Eastern 8 389,687 Trincomalee*® 48,351
Central 10 270,971 Kandy 08,828
Southern 7 261,677 Galle 86,333
Northern 6 176,808 Jaffna 80,829
Sabaragamuwa 4 115,444 Ratnapura 47,105
North Western 4 07,294 Kurunegala** 24,833
Uva 3 69,800 Badulla 42,237
North Central 1 50,595 Anuradhapura 50,595
Sri Lanka (entire) | 64 3,704,470

Notes: In the following cases, the Provincial Capital is not the largest in its Province.
*The largest town in the Eastern Province in Kalmunai (population 99,893) followed by Batticoloa (population 80,227)
**The largest town in the North Western Province is Puttalam (population 45,511).

Climate risks in Sri Lanka’s cities

The main climate risks for cities in Sri Lanka
are floods, landslides, droughts, sea level rise,
and heat waves. Issues associated with these
risks are public health, access to safe water and
sanitation, unsafe infrastructure, and unreliable
energy supply. With an average annual affected
people of about 900,000 (approximately 4.1%
of the population), the long-term financial losses
are estimated to be about Rs.50 billion annually
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(GoSL,2018). The increasing frequency and
severity of climate risks and associated losses
and damages have contributed to Sri Lanka’s
ranking of the 2™ highest climate risk country
in an analysis conducted by Germanwatch using
climate risk data from 1998-2017 (Ekstein et
al.,2019)

Exposure to risk is closely related to the
distribution of rainfall across Sri Lanka. The
average annual rainfall is above 5000 mm in
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the central hills of the Southwestern region
and below 1000 mm in the semi-arid region
of the northwest. Sri Lanka receives rainfall in
four distinct seasons; the southwest monsoon
with rainfall exceeding 3000 mm from May
to September; a relatively dry inter-monsoon
period from October to November; Northeast
monsoon contributing to 200 to 1200 mm from
December to February and another relatively
dry inter-monsoonal period from March to
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April. The El Nino and La Nina conditions
and the Inter-Tropical Convergence Zone
also influence precipitation patterns (USAID,
2018). With changes in climate and unplanned
development, cities are facing significant water
shortages, floods and landslides (Table 2). The
Western province, with many large cities, had
95% and 74% of the flood and drought exposed
population. respectively Droughts mostly affect
the drinking water supply.

Table 2: Climatic zone and risk exposure in nine Provincial Capitals (1974-2017).

Source: GoS1,2018-(modified)

City Climatic zone = Exposure Flood Landslides Drought
Affected | Deaths | Affected Deaths | Affected | Deaths
Jaffna Dry Drought, 40,268 0 0 0 2150 0
flood,
cyclone
Anuradhapura | Dry Drought 4030 0 0 19,645 0
Trincomalee Dry Drought 33,535 0 0 18,187 0
Kurunegala Intermediate | Drought 2774 2 0 141,074 0
Badulla Intermediate Flood, 2251 0 6424 41 0 0
landslides
Kandy Wet Landslides 505 0 2615 7 0 0
Ratnapura Wet Flood, 113,260 6969 47 4313
landslides,
drought
Galle Wet Flood, 27,206 0 23 4 0 0
landslides
Colombo/ Wet Flood 3,807,394 223 2084 36 | 530,763 0
WRM*
4,031,223 234 | 18,115 135 | 716,132 0

*WRM=Western Region Megapolis

Note: water shortages, especially of potable water, are experienced in Badulla, Kandy, and Galle, are not mentioned in the

category of exposure.

Key features for Climate Smart City
Designs in Sri Lanka

Considering Sri Lankas climate, the average
ambient temperature has increased during the last
25 years. The highest annual average temperature
was in 2016, where the average ambient

temperature was 0.005°C to 0.856°C higher than
the previous years. Rainfall patterns have been
erratic and despite the overall decrease in the overall
precipitation, the trend of maximum one-day and
five day precipitation and total precipitation on
extreme rainfall events showed an increasing trend.
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Therefore, changing climatic trends should factor
in planning expansion and urban development.

Water scarcities, flooding, and urban heat island
(UHI) effect are three prominent risks that cities
encounter with natural disasters. UHI effect
occurs with increasing paved surfaces, concrete
buildings, and power consumption. High energy

use and insufficient transport infrastructure,
housing, waste disposal, and recreational space
are impacts due to urban expansion, which
contribute to climate change and environmental
degradation. These categories of causes and
effects of climate risks need consideration in
Climate Smart Action Planning. A typical plan
for Climate Smart Cities is depicted in figure 1.

Figure 1. Main features of a Climate Smart City. Source: MMDE, 2019

Key features

1. Rain water harvesting

2. Rain water garden

3. Permeable brick pavement

4 Storm water drainage and recycling system
5 Street solar lighting

6 Roof top solar

7 Wind power

8 Green buildings
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9 Energy Efficient Buildings

10 Multi modal transport hub
11 Urban Parks

12 Water recycling

13 Vertical gardens

14 Incinerator

15 Waste water treatment plant
16 Water treatment plant

17 Infiltration trench
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Table 3 shows potential sub features within economic
those 17 categories to incorporate in to city

development, and their benefits of ensuring

growth, healthy
environmental conservation.
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lifestyles, and

Table 3: Key Features of a Climate Smart City and its benefits

Key Features of a Climate Smart City Benefits
Energy a) Expansion of renewable energy generation and use a) Energy saving
of solar (net metering in buildings), wind and waste, 1, Reduction of greenhouse
ete. gas emissions
b) Energy efficient air conditioning systems (with EE ¢) Economic benefits
star rated ACs)
¢) Efficient ceiling fans to replace conventional ceiling
fans

d) Replacement of streetlights with Solar powered lamps
e) Replace Incandescent Lamps with LED

f)  Frequent energy audits, carbon footprint assessments

Sustainable a) Promoting public transport systems and traffic a)
transport management mechanisms b)
b) Electrification of mass transport (bus/train)
¢) “hop on hop off’ electric transport means for short )
distances d
d) Solar charging stations
e) Areas set aside for parking e)
f)  Car pooling 1))

Less traffic congestion

Saving of time in
commuting

Energy saving

Reduction of greenhouse
gas emissions

Reducing air pollution

Increasing connectivity

g) Traffic management

h) Synchronized traffic lights

i) Introducing LED traffic signals
j)  Promoting walking, cycling

k) Integration of safe network for pedestrians and
cycling paths within and between developments

Water a) Rain water harvesting systems a)
Management 1) Water efficient plumbing
¢) Treatment and reuse of waste water b)
d) Preventing siltation of water bodies ©)
e) Enabling ground water recharge d)
f)  Encouraging horizontal water filtration Building e)

infrastructure in a way that leaves soil /grass areas for
water percolation.

g) Frequent water audits

Availability of potable
water

Water conservation
Groundwater recharge
Reduced water pollution

Reduce water scarcity
during dry periods
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roots without concrete, sloped towards the trunk to
collect and filter storm water)

m) Wetlands linked with canals creating blue belts

Key Features of a Climate Smart City Benefits
Green a) Follow green building guidelines (as appropriate) a) Cooler buildings
Buildings b) Use of energy efficient systems for constructions b) Environment friendly
) Using green designs and healthy work spaces
d) Use green roofs ) Energy saving
e) Central AC systems / solar cooling systems d Reduc.ing greenhouse gas
f) Cross ventilation emlss1on's .
o) Natural lighting e) Economic saving
h) Soil bricks
i) Solar lighting
j) Infiltration trenches/ basins for storm water drainage
k) Permeable car parks
Urban a) Greening the cities by growing trees on either side a) Increases
Ecosystems of the streets (should leave space for pavement rain evapotranspiration
water to filter to underground horizontally) b) Water conservation
b) Pavements lined with either cement blocks ¢) Prevention of soil and
containing space for the grass or permeable blocks water pollution
for horizontal filtering of rain water 4 Soil conservation
¢) Green areas set aside for leisure ¢) Conservation of
d) Revitalize urban wetlands ecosystems and
e) Urban forest parks biodiversity
f)  Green round a-bouts f)  Reducing the effects of
g) Use of native plants drought
h) Green belts , Tree belts g) Reducing the Urban Heat
i)  Vertical gardens. (in urban areas that have no spce to Island effect
plant trees, vines could be grown as greenery)
j)  Green fencing, Live fences
k) Rain gardens (in minimum space to build a rock and
foliage garden where the ground is sloped to collect
rainwater)
1)  Tree box filters for streets ( Space left around tree
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Key Features of a Climate Smart City

Benefits

Waste a) Waste segregation at source a) Reducing soil and water
Management | 1) Creating awareness to separate waste pollution
¢) Collection points for recyclable wastes as well as b) Reducing health risks
recycling ¢) Reducing plastic
d) Production of biogas, compost pollution
e) Introducing Integrated waste management systems d) Providing economic
co-benefits through
sewerage residue
compost
e) Reducing water
contamination by
pathogenic bacteria
f) Waste to energy systems
g) Establish hazardous waste disposing mechanisms
h) Solutions for non-degradable waste like ceramics
i) Managed landfills, incineration, etc.
j)  Adoption of ‘no plastic’ zones
k) Discouraging ‘single-use’ plastics within city limits
1) Constructed wetlands as sewerage filtering systems
m) Linking residential and commercial sewerage into a
common sewerage treatment plant
Drainage a) Flood control systems a) Reducing urban flooding
systems b) Storm water drainage systems (these could contain b) Increasing the availability
soak ways at regular intervals where the porosity of of ground water
the ground permits aquifer recharge). ¢) Reducing water
¢) Waste water transfer through canals to on-site contamination
treatment plants (and use treated water for irrigation
of common areas)
d) Drainage of roads using infiltration trenches, tree

boxes and rainwater garden concepts for round-a-
bouts
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State of Climate Smart Cities
development in Sri Lanka

Commencing with making cities Sustainable
and Climate Smart, Sustainable Development
Goal number 11 highlights ‘Sustainable Cities
and Communities’ as a range of concerns
including the livability of a city and its resilience
to climate change. The Kigali Cooling Efficiency
Programme too addresses the need to utilize
gases that do not contribute to global warming
when using air conditioning and refrigeration to
cool the heated up cities.

Sri Lanka’s Nationally Determined Contributions
(MMDE 2016a) include ‘Urban City planning
Human Settlements’ as an important sector of
climate adaptation. The National Adaptation
Plan (MMDE ,2016b) has outlined actions for
implementation for enhancing climate resilience.

As a step towards establishing Climate Smart
Cities, Sri Lanka has embarked on various
programs.

1. Enhancing urban resilience to climate
change, the Kurunegala Municipal Council,
together with the Climate Change Secretariat
of the Ministry of Environment, has
commenced designing a “Climate Smart
City” for Kurunegala focusing on measures
to reduce heat stress and water scarcity. and
mitigation options for energy, transport and
waste.

2. The Strategic Cities Development Project
(SCDP) of the former Ministry of Megapolis
and Western Development, together with
the Urban Development Authority, has
embarked on strategic investments such
as integrated urban services improvement
and public urban space enhancement to
enhance the functional aspects as well as
the attractiveness and livability of the cities.
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This program presently focuses on cities
outside of Colombo with funding from
donor agencies such as the World Bank,
French Development Agency and Asian
Development Bank.

3. The interventions are underway in Kandy,
Galle, and Jaffna cities as well as proposed
infrastructure and institutional strengthening
of Trincomalee, Dambulla, Kurunegala,
and Ratnapura, and Anuradhapura as an
important historic city. These programs
target the development of cities outside
Colombo with potential for growth, as
priority economic corridors and important
nodes across the country.

4. The SCDP has obtained grant finances
through the “Cities Development Initiative
for Asia” for the feasibility study of Matara
Integrated Urban Development Project and
Sustainable Urban Mobility Planning Study
of Kurunegala through “Mobilize Your City
Programme.”

Conclusions

Various programs, such as the above, are being
designed to improve mobility, air quality, reduce
heat stress and water scarcity, energy efficiency,
etc. in Sri Lanka. However, these programs
require the incorporation of information
technology, policy, and regulations so that
the implementation will contribute towards
achieving climate resilience and reduction of
greenhouse gas emissions of the City. Therefore,
some features in table 3 can be incorporated into
city design by urban planners in order to make
the cities ‘climate smart’.
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o Benefits and drawbacks of roof-top solar Photovoltaic (PV) systems

o What could be done differently to enhance roof-top solar Photovoltaic

(PV) systems capacity additions

o Way forward for behind-the-meter battery energy storages

Introduction

Solar Photovoltaic (PV) has become popular
among all consumer groups including domestic
customers. This technology application has
some significant advantages as well as there are
some concerns from the national and utility’s
perspective. Application of battery energy
storages with domestic solar PV installations were
piloted under the Appropriate Mitigation Actions
in the Energy Generation and End-user Project
and this article discusses how the application
of battery energy storages can address some of
these concerns and indicate future directions of
the application.

Pros & Cons of Rooftop Solar PV Systems

On-site power generation also known as
distributed generation has become competitive
in the global context on economic and financial
terms due to various reasons including
conducive regulatory and policy environments,
technological innovations, reduced capital

costs and maintenance requirements, almost
free operational cost, relatively easy access to
inexpensive technologies, and other benefits.

The above is true for Sri Lanka too where Solar
Photovoltaic (PV) is becoming increasingly
popular among domestic, commercial and
industry consumers. More than 217MWp Solar
PV rooftop installations have been connected
to the grid since the net-metering scheme was
introduced in early 2010s where the consumers
could self-generate power from renewable
sources including solar PV and credit excess
production back to the utility (CEB 2020)
Subsequently net-accounting and net-Plus
schemes were introduced.

The accelerated deployment of distributed solar
PV through net-metering has also offered several
benefits to consumers as follows;

* Net-metering scheme is attractive to middle
and high-end electricity consumers paying
exorbitant tariffs for the last few blocks of
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electricity units they consume. Although
the upfront investment is quite significant to
own a solar PV system, the payback period
is relatively short for high-end electricity
consumers.

Solar PV generation need not necessarily
match  on-site  consumption.  Higher
capacities of Solar PV systems are possible
through the export of excess generation to
the utility. Higher capacity means a lower
per kWp investment and greater financial
return.

Customers having net-metering or net-
accounting facility can use the grid to buy
electricity when their own systems are not
producing enough energy to meet their
needs. The grid acts as a bank of energy for
these consumers eliminating the need for
expensive battery storage systems. Especially
in solar PV they need to use grid energy
during the night anyway.

Owning and investing in solar PV systems,
commercial and industrial consumers
have the advantage to use these as green
investments and as strategies they follow to
reduce their carbon footprint. Some of these
consumers use these in their marketing
strategies to get competitive advantage at
national and international level.

Apart from above individual benefits, there exists
several economic, environmental and social
benefits to the country as well as to the utility

whi
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ch can be detailed as follows;

Net-metering schemes (including net-
accounting and net-plus) promotes the use
of clean energy eliminating the need for the
construction and operation of expensive
and polluting conventional fossil fuel based
thermal power plants. This encourages
consumers to play an active role in clean
energy production.

Electricity generation at the point of
consumption similar to distributed solar PV
generations reduces thestrain on distribution
systems and prevents energy losses in long
distance transmission and distribution. This
makes the grid more efficient and reduces
the cost of grid maintenance.

Solar PV net-metering schemes has provided
substantial economic benefits in terms of
job creation, income and investment. There
are more than 250 plus solar PV service
provider companies in the country and
direct employment of over 7,000 plus in this
industry.

This scheme has attracted individual and
private sector distributed investments of
more than 25b LKR towards the power and
energy sector which would otherwise have
to come from the utility or the government.

It is estimated that the schemes can generate
approximately 260 GWh/year solar PV
electrical energy, off-setting similar amount
of fossil fuel based electricity. A significant
foreign exchange out-flow (through purchase
of fossil fuel) has been prevented as a result
of solar PV electricity generation.

Despite the fact that the programme has many
benefits, there are also several drawbacks as well.

L]

With the introduction of net-metering
schemes, it has been the medium and high-
end consumers whose tariff is above the
utility’s cost (around Rs 19/kWh in 2018)
who have gone for solar PV installations,
and by entering into net-metering (or
net-accounting) scheme they can reduce
their high electricity bills by offsetting the
electricity that they would have otherwise
purchased at a higher price. (Out of around
5.5 million domestic consumers, high-
end consumers are less than 2% but they
contribute to a significant share of the utility’s
revenue)
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NET METERING

This scheme which exists at present, allows any electricity consumer to install a renewable
energy based electricity generating facility and connect it to the utility’s electricity network.
This connection will be metered by an export/import energy meter which records the export
and import of the customer separately. At the end of each billing period, the utility will read
the consumer’s export energy meter reading and the import meter reading. The electricity bill
will be prepared for the difference between the import and the export records. If the export is
more than the import in any billing period, the consumer will receive an export credit, and will
be brought forward to consumer’s subsequent months.

NET ACCOUNTING

This Scheme has introduced an additional element to net metering scheme where export
energy in any excess will be paid at an export tariff. As per the existing tariff , the customer
will be paid Rs 22.00 per exported unit during the first 07 yrs and from the 08" year to 20"
year he will be paid Rs 15.50 per export unit. If the consumption is greater than the energy
generated from the solar panels, the consumer will be issued a bill using the existing electricity
tariff for the import.

NET PLUS

Total generation of electricity from the solar PV power installation will be metered through a
dedicated export energy meter for which the customer will be paid. The energy import will be
measured through a separate import energy meter.

Source: LECO,2020

utility. Though individuals are benefited by
net-metering, it would be a revenue loss to
the utility.

Another alarming trend of such users is that
due to the reduced electricity bills, they tend
to add more and more electricity consuming
devices to their systems (rebound effect).

Although solar energy produced at daytime
can be re-distributed among other day
time users and helps to reduce the system
demand during daytime, many net-metering
consumers are evening peak time consumers
and hence a burden to the utility where peak
demand management has been a challenge.

* This reduces the revenue earned by the ¢ Net energy consumption of a net-metering

customer is zero or negative and the
consumer has to pay only the fixed charge
which is as low as Rs.30. These consumers
avoid paying for all the other fixed costs
of utility for keeping the electricity grid
viable and capacity charges. This is an
unsustainable financial model for the utility
and the government, and these costs will
have to be charged from the customers
without net-metering systems.

Significant share of solar PV investments is
toward the purchasing of solar PV panels,
inverters and related accessories which are
almost all imported from foreign countries
leading to excessive outflow of foreign
exchange.
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Win-win situation for the National Economy and the Utility
Rooftop Solar PV Systems with Battery Storage

Need of the Hour

In this background, solar PV Net-metering and
net-accounting schemes need to be looked at
from two important but contrasting perspectives;
what are the national benefits in terms of
increasing the renewable energy content of the
national energy mix so that energy dependency
could be reduced, while reducing the drain of
foreign exchange for fossil fuel. Meantime, the
short-term negative consequences of the utility
such as loss of revenue, system balancing and
other technological issues, etc. need to be
managed in order to reap the long-term benefits
of either delayed or avoided investment on fossil
fuel based thermal power generation to meet the
increasing demand.

Supplying of night peak in Sri Lankan grid
is very challenging due to the operation of
high cost power plants to cater the night peak
demand. In order to relieve the utility’s biggest
burden of curtailing the evening peak demand,
solar PV systems can be supplemented with a
battery storage system. Domestic Solar PV net-
metering system with battery storage has also
been identified as one of the key initiatives in
Demand Side Management (DSM) practices.

Nationally Appropriate Mitigation Actions
(NAMA) Project Intervention

In this context, through UNDP /GEF funded
NAMA project, Sri Lanka Sustainable Energy
Authority in association with Ceylon Electricity
Board, conducted a pilot programme to
supplement 14 domestic rooftop solar PV
systems with battery storage in the “Green Zones”
of CEB and LECO in Kurunegala and Kotte areas
respectively. Solar panel capacities were selected
from 500 W to 3 kW and battery capacities were
selected from 2.4 kWh to 9.6 kWh depending
on the customer’s energy usage. Both Li-lon and
Pb-Acid maintenance free deep cycle batteries
were installed under this pilot programme.

150

During the daytime, domestic solar PV system
converts solar energy to electricity and caters
for domestic load requirement and any excess
energy is stored in the battery bank. If more
excess energy is available, this energy is exported
to the national grid. Stored energy is used during
the evening peak hours (6.30 PM - 10.30 PM)
and if the domestic demand is higher than the
system capacity or the battery has insufficient
energy to cater for domestic load, the system
draws electricity from the national grid. If there
is a power failure or load shedding in national
grid, the system caters for the domestic load
requirement with islanding operation (battery
stored energy is provided to the household
load after household load is disconnected frame
the grid). Battery storage is not allowed to be
charged from the grid or feed the grid at any time
of operation.

Research and Development Branch of CEB
carried out a study on the above installed solar
battery hybrid systems to analyze the technical
performance of each system, to check the grid
dependability (daily dependability and night
peak dependability) and the effect of the total
system (when considering all 14 installations as
one system) on the utility grid.

Results of the Pilot Programme and
Conclusion

Results of the pilot programme indicate that the
rooftop solar PV systems with battery storage
are technically capable of meeting the consumer
demand during the national peak period provided
that the battery storages are correctly sized and
hybrid inverters are properly configured; (1)
to deliver the maximum power of the battery
storage during the national peak time (2) to
stop battery charging using the imported grid
energy and (3) to prevent system voltages rise.
It was observed that up to 70% of peak demand
management and energy independencies were
achieved for consumers of this pilot study.
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Apart from above key takeaways from this
programme, few more benefits of battery energy
storage application with solar PV consumers
have been identified from the utility’s point of
view as follows;

e Distribution loss reduction;

» Investment differing for voltage correction
(Remote Locations);

 Increasing feeder hosting capacity for more
rooftop solar PV installation capacity;

» Potential solution for overvoltage and
reverse power at selected points;

» Potential to support emerging concepts
such as virtual power plants.

However, the consumers will only benefit by
using battery or any other energy storage, if this
concept has to be supplemented with policy and
regulatory measures such as a favorable tariff
arrangement to encourage the use of energy
storage and own consumption during the
national peak time. Further, it is essential that
the energy storage users are allowed to use stored
energy during power failures and load shedding
with necessary protection requirements.

This overall concept is a win-win situation in
terms of national benefits of increasing the
renewable energy content of the national energy
mix to meet the increasing demand without
having to depend only on fossil fuel-based power
generation while reducing the burden of utility
to cater to the national night peak demand with
expensive oil-based power generation.

With the night peak being slowly shifted to
daytime with the development now taking
place in the country, solar PV systems would be
more beneficial as its daytime generation could
supplement the daytime national peak demand.
However, the peak shift from night to day may
not happen in the foreseeable future.
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As the technical feasibility is now established,
it is expected that many high-end domestic
consumers and even some industrial and
commercial establishments will embrace this
technology (solar PV systems with battery
storage) once it is found to be financially viable
with the reduced battery cost.

It is expected that the cost of batteries will come
down considerably in the near future as many
worldwide manufactures are engaged in R&D
to make their products cost effective to be able
to patronize hosts of emerging new applications
such as battery storage in hybrid and electric
vehicles, solar PVs, etc.

However, low end domestic consumers will
never be able to afford the investment or to
expect a reasonable return on their investment
(even if they can afford the investment) with the
prevailing highly subsidized tariff system even
with reduced battery prices.

In addition to the establishment of the technical
feasibility, this pilot programme is useful
for SLSEA and the utility to understand the
consuming patterns and related behavioral
aspects of different user groups to formulate
strategies for up scaling this effort to the national
level. Futher, Sri Lanka has taken steps to approve
hybrid inverters integration with the Sri Lanka
Standards Institution (SLSI 1680 Standard) In
2020, and some of the learning has supported to
fast-track this standard.

Way Forward

The formulators of the present electricity tariff
structure have fixed a lower price for low-end
consumers. This segment is heavily cross-
subsidized with the surplus revenue earned from
the high-end consumers. Under the prevailing
socio-political situation of the country, authorities
may not be able to do away with this subsidy
and hence it would be an eternal subsidy with
negative economic consequences.
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As said before, this segment of consumers will
never be able to afford a net-metering system at
the prevailing market rates despite zero rated
import duties for renewable energy generating
technologies and equipment including solar PVs
and grid-tie inverters.

Low-end domestic consumers’ average tariff
is well below the actual CEB generation and
distribution cost. More than 70% domestic
consumers which is around 3.9 million pay only

Reference

less than Rs. 10 per unit whereas the actual cost
of electricity generation and distribution was
Rs. 19.12 per unit in 2018, and the associated
subsidy can be estimated as Rs 30 billion per
year.

Therefore, by taking the national benefits into
consideration, it is advisable for the government
to device a scheme with this technically proven
Solar PV system with battery storage to do away
with the eternal subsidy burden.
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Variable Frequency Drives Application in the Tea Sector
as an Appropriate Mitigation Action

Chamila Delpitiya
UNDP-NAMA Project
del.chamila@gmail.com

» Withering process consumes a high percentage of energy in manufacture of tea

« Variable Frequency Drives (VFDs) were introduced to achieve energy saving and

reduce GHG emissions

o Energy NAMA project assisted to install 590 VFDs in 70 tea factories

o 20-30% energy savings of the baseline energy consumption was observed

Tea production is one of the main sources
of foreign income for Sri Lanka. Ceylon Tea
industry has secured its place among the top
tea exporters in the world. This vital industry
supports over 1 million dependents, whereas
the annual tea export accounts for nearly 14% of
export earnings (Sri Lanka Export Development
Board web site: http://www.srilankabusiness.
com/tea/tea-export-growth.html ).

Withering is the most important step in black tea
manufacturing process. According to different
energy audits, withering consumes 35% - 50%
of the total electrical energy required in tea
manufacturing. During withering, the moisture
content in the leaf is reduced by blowing
ambient air through fresh tea leaves spread on a
flatbed, making the leaf flaccid and pliable and
preparing the leaf for further processing.Axial
flow fans driven by electrical motors provide
air for withering, and the flow variations are

done by restricting the air inlet by means of
mechanical methods, such as louvers. Usually,
the airflow needs to be reduced at later stages of
the withering process.

Though Variable Frequency Drives (VEDs) were
introduced to the Sri Lankan Tea Industry in
the 1990s it was not a popular energy saving
option in the sector. The project identified the
following major reasons for the unpopularity of
the technology.

*  Unawareness of the energy savings achieved

» Frequent failures due to lightning and harsh
operating conditions

» Poor aftersales services by suppliers

A programme was launched under Nationally
Appropriate Mitigation Actions (NAMA)
Energy generation & end - use sectors project
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addressing the above issues, and to make the
application of VFDs popular amongst the tea
industry, whilst achieving energy saving and
corresponding to GHG emission reductions. The
main initiatives undertaken by the Project were
creating industry awareness through practical
demonstrations and success stories, assisting
tea plantations and producing companies with
the selection of ideal VFD products to match
operating conditions and external conditions,
and maintaining a group of reliable technology
suppliers for the programme. The programme
assisted over 70 tea factories with a part-
financing subsidy to install 590 VFDs under a
strict quality control and assurance process.
Further, comprehensive training was provided
to the factory on operations of VFDs and the
energy savings were systematically accounted
through the web-based energy management
portal developed by the project. Interface of the
web portal is shown in figure 1. The project has
successfully implemented an online monitoring
application in two tea factories. Status of each
VED can be remotely monitored, and it has the

“Appropriate Mitigation Actions in
the Energy Generation and End-Use
Sectors in Sri Lanka” (Energy NAMA) is a
project supported by the United Nations
Development Programme (UNDP) and
Global Environment Facility (GEF) with
the objective of supporting appropriate
climate change mitigation actions in the
energy generation and end-use sectors
as part of the initiatives to achieve the
voluntary GHG mitigation targets of Sri
Lanka. The Project is being implemented
by the Sri Lanka Sustainable Energy
Authority and Climate Change Secretariat
of the Ministry of Environment
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capacity to store operations information which
is accessible through any type of mobile device
or computer. Figure 2 depicts the dashboard of
the VFD online monitoring application. Figure
3 depicts a graphical representation and energy
savings recorded.
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Figure 1: Online MRV portal (https://clean.energy.gov.lk/hem_vfd.php)
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Figure 2:Screenshot of the VFD Online Monitoring Application Dashboard
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Typically observed energy savings are in the range
of 20 - 30% of the baseline energy consumptions.
In addition to the energy savings and emission
reductions, beneficiaries claimed that they are
now able to control the tea withering process
properly, resulting in higher product quality and
reduction in waste/refuse tea quantity.

A more significant outcome of the Programme
was the leverage in private sector financing for
energy saving activities with GHG emission
reductions, gaining more than USD 500,000

investment into the Programme, which can be
considered as a significant achievement.

The project has covered approximately 10% of
the total number of tea factories operating in the
country, and with the results of these it is expected
to increase the number to approximately 7000
VED:s in the industry.

Further, the project has initiated introducing the
same technology intervention to other industries
as well as other suitable applications in tea
factories.

No of Factories Supported 70
VEDs Installed 590
Total Capacities 4.032.5 kW

Expected Energy Saving

3.387 GWh/annum

Emission Reduction

2,438 tCO, /annum

Programme Support

USD 159,000

Co-investments by the Factories

USD 511,000

Fig:4 VFD instruments

Fig: 5: Withering trough

Below, are remedial actions to overcome issues faced by users of VFD technology

Identified Issue

Remedial Action to overcome the issue

Frequent failure due to lightning

Mandatory to have a class II surge protection Device

Frequent Failure due to harsh environment (dust)

Should be of high ingress protection rating IP54 or
above

Unawareness/Doubt about savings

Energy savings monitoring portal introduced online
monitoring application development

Poor aftersales services by VDF suppliers

Selected and pre-registered qualified and reliable
organizations
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Climate Change and Energy Management:
Low Carbon Energy Technologies and Strategies
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Sri Lanka Energy Managers Association
namizm@gmail.com

o The energy use in buildings worldwide accounts for over 40% of primary energy use

and release of 24% of GHGs.

« Adopting energy management practices and more use of renewable energy sources

help us reduce GHG emissions.

o Good behavioural practices by the occupants and visitors of the buildings, and
implementing sound energy management systems are some approaches to mitigate

climate change.

o The low carbon energy technologies and strategies make great strides to ensure
sustainable development ensuring future generations meeting their needs

Introduction

The International Energy Agency (IEA) claims
that energy production and use is the largest
source of global greenhouse gas (GHG)
emissions. Global energy-related CO, emissions
have recorded a historic high of 33.1 Gt of CO,.
Power sector has accounted for nearly two-thirds
of GHG emissions growth in 2018. The coal-
fired power plants have been the single largest
contributor to the growth in GHG emissions
observed during this period.

‘Energy’ is simply defined as ‘the ability to work’,
and is used by people at homes, institutions,
commercial establishments, industries, farms,
in transportation, and by many other sectors

for different applications. Accordingly, many
appliances,  equipment, machinery, and
vehicles etc. used by people, demand energy.
With the increasing population, and improved
affordability and quality of life, the demand for
energy grows exponentially.

When it comes to buildings, the energy use
in them worldwide accounts for over 40% of
primary energy use. They amount to 24% of
GHGs. As more and more energy is demanded,
more energy has to be produced. Since most of
the energy is produced by burning fossil fuels
(coal and other petroleum products), this results
in more environmental concerns and emission of
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greenhouse gases (GHGs), which lead to global
warming and climate change. Therefore, to curtail
emission of GHGs, no or less fossils should be
used for energy generation and the proportion of
renewable energy has to be increased. Another
key alternative at our disposal is to improve
energy management and energy efficiency, so
that for the same or more amount of activity, less
amount of energy is used, ensuring much more
comfort and cost effectiveness, saving money
while reducing pollution.

Some of the energy management measures
practiced demonstrate that, in addition to
curtailing the energy costs, sustainability and
environmental concerns also have given a boost
to improving their energy performance. Further,
the investments made on energy efficiency
improvements give good returns on investments
made. How the institutions reduce their energy
costs, and thereby contribute to climate change
mitigation by reducing their GHG emissions,
is attributable to some of the best energy
management practices they adopt.

The best practices in energy management by the
institutions can be visualized and analysed from
the following key categories.

e Behavioural Practices

o Employees

o Guests and Visitors
*  Management Systems
*  Technology

The best practices by the employees can be
improved by good awareness and training
provided to them, sound internal communication
systems and employee participation, deploying
specialized ~staff, and implementing the
preventive  maintenance  schedules.  The
behavioural aspects, such as a person leaving the
premises last switching off the electrical devices
and appliances (such as air conditioners, fans,
bulbs) and reducing the number of times a cold
room freezer doors and their curtains are opened
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and reducing the duration of them being kept
opened, are some of the examples.

The users of buildings (the occupants, guests and
visitors) too can help the institutions to bring
down their energy consumption. A common
practice adopted is to make polite requests
through visible notices to seek their cooperation
for energy conservation. For example, near an
elevator lift, there may be a notice displayed
requesting to take the steps to climb a few floors
instead of taking the elevator for that purpose or
to use a fan instead of an air conditioner.

More progressive institutions take some
strategic and firm steps to reduce their energy
consumptions. To name a few: adopting a
sustainability policy or an energy policy,
making green procurements giving emphasis to
lifecycle costs and benefits rather than to mere
purchase prices, setting and monitoring energy
performance targets, having energy budgets in
addition to having financial budgets, and having
energy performance measurements etc.

When it comes to technology, the best would be
to look for possibilities to avoid using any energy
consuming devices. For instance, the buildings
can be designed for maximum use of natural
ventilation and lighting. Using energy efficient
devices would be a key option, while every effort
has to be made to reduce the duration of use
and correct sizing of the devices for the intended
purposes. Low Carbon Energy Technologies
and Technical solutions, such as power factor
corrections, could be done, especially if there are
larger inductive loads. Some simple options such
as card key systems and automatic room light
controllers also help in the reduction of energy
consumption.

Some prominent and visible measure adopted
not only at institutions, but at homes, are
replacement of incandescent bulbs with Light
Emitting Diodes (LED) or Compact Fluorescent
Lamp (CFL) bulbs. In places where electric
motors and pumps are used with considerable
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changes in loads, variable speed drives could
reduce the energy consumed. Institutions which
produce significant amount of organic waste
can adopt biogas technology where biogas can
replace use of other energy sources such as
Liquefied Petroleum Gas (LPG), natural gas,
biomass, or electricity. Using other renewable
sources, such as solar Photovoltaic (PV) for
power generation and solar water heaters, too
can boost energy saving.

Institutions can begin their energy conservation
efforts from the no cost or low cost energy saving
measures. There is proven evidence that such
measures have an impact in reducing energy
demand or making improvements in energy
performance in buildings. For example, the low
cost options can lead to significant energy savings
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by making some adjustments to equipment
scheduling or set-points. These type of measures
are not only conveniently implemented, but also
can produce cost saving results immediately.
While the human behaviour can make some
contributions to reduce energy use, whether by
the occupants, employees, visitors, and guests
etc., sound management systems and appropriate
technologies can make big tides, although they
demand investments. Coupled with knowledge
and skills, good awareness and motivation, the
behaviours and practices of people could be
changed for better energy performance, which
ultimately leaves a sustainable world for the
future generation, beginning with and sustaining
a good attitude and energy consciousness.
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Case Study

This is a story in brief of a star hotel having over 150 guest rooms and over 400 personnel working. This hotel has
fully integrated the concept of sustainability into its business operations emphasizing on the business proposition
of making economic profits, while protecting the environment and promoting sustainable development to achieve
a win-win situation.

As an initial step in improving energy management, the hotel replaced most of its tungsten bulbs with Compact
Fluorescent Lights (CFL) or Light Emitting Diode (LED) bulbs. This made an annual saving of over 100,000
electrical units (kWhs).

Air conditioners make a bigger portion of total energy costs. Therefore, the functioning of the chillers are closely
monitored and regulated. For instance, during lower room occupancies, some chillers are switched off and air
handling units and fan coil units of some air conditioners are switched off in unoccupied spaces of the hotel.
The temperature of the water leaving the chiller is adjusted depending on the ambient temperature. Further, the
components of the air conditioning system, such as fan coil units, air handling units, and condensers are cleaned
periodically to ensure higher efficiency of the overall system. This has led to an annual saving of nearly 150,000
units of electricity.

The hotel has introduced sub-metering to continuously monitor electricity and water consumption to help in the
better controlling of them. The measured records of consumption are then analysed to observe the trends and
changes to take remedial actions. Further, related benchmarks are set to compare the energy performance.

The hotel has adopted the ISO 50001 Energy Management System. A team headed by an Energy Manager is given
the overall responsibility to look into energy aspects, with representatives from all major departments being part of
the team. However, Energy Management is not considered as just one person’s responsibility, but a responsibility of
all the staff from the General Manager to the staff members at the bottom of the pyramid. The cooperation from the
guests is considered significant too. The energy policy statement, with guidance at the top,helps in setting related
targets and objectives for implementation with an action plan, assigning accountability, and allocation of resources,
which are again reviewed regularly. In the meantime, many energy related training is provided to the energy team
members, and energy awareness is provided to the other staff while encouraging their suggestions and feedbacks to
improve energy performance of the hotel. During monthly meetings of the management, the absolute energy costs
and their share from total overhead costs are considered. The notices displayed in rooms encourage the long-stay
guests to re-use their towels and other linen so that the consumption of energy and water is decreased.

The hotel has introduced capacitor banks to reduce its maximum electricity demand. For the major pumping
systems, Variable Frequency Drives (VFD) have been installed. There are many energy conservation measures taken
at the laundry. They include avoiding operation of the laundry during peak hours, reducing idling operating time,
doing some improvements to the drain valve of the washing machines, and conducting annual steam trap tests. As
for cool rooms, their doors are kept closed to the maximum possible duration to reduce cool loss. The hotel also
maintains the boiler and gasifier properly while attending to preventive maintenance as per schedule. Special efforts
are also are taken to preserve water.

The efforts of the hotel have resulted in a sharp drop of per room annual energy consumption from nearly 283
kWh_ (1,020 MJ) to 228 kWh_ (820 MJ) within a year (20% reduction) while the revenue has increased by nearly
12.5% during the same period. They have restricted their annual GHG emissions to nearly 3,000 tCO,_, which
contribute to mitigate climate change and global warming.
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 Horizontal expansion of human settlements degrade ecosystems services and increase

vulnerability to climate change.

 Vertical expansion of human settlements with appropriate policy can facilitate
sustainable management of land, water, and other biotic and abiotic natural resources.

o Address the conservation and protection of environment and services around vertical

habitats as a community responsibility

Introduction

The planet has unique terrain features comprised
of highlands, lowlands, and water ways in
between. Forest cover in the highlands reduce
soil erosion and facilitates infiltration. During
the rainy periods, a part of the surface runoff
recharges groundwater aquifers and stores in
water bodies such as tanks and reservoirs, and
the rest flows in rivers and streams. Infiltrated
water in underground aquifers maintains flows
in streams and rivers during the dry periods.
These terrain features and the hydrological
processes support and provide habitats for all
living beings.

Human lineage originated about 2.5 million years
ago in dense forests in east Africa (Charles, 2011).
Subsequently, people migrated from forests and
settled down in savannas. With this radical change,

food consumption patterns have changed, and
selective mono cropping commenced. Gradually,
the land use pattern was changed due to the
expansion of mono cropped fields and horizontal
expansion of human settlements.

Diversity of flora and fauna reduced drastically
in the encroached lands, which contributed to
creating adverse impacts on the climate, globally
as well as locally (Gunasena, 2018).

Humans have passed several development
phases. The Stone Age, Bronze Age, and
Iron Age (Essential humanities, 2013), were
followed by the green revolution and industrial
revolution. It is now heading for the fourth
industrial revolution with increasing needs for
growing population (Klaus, 2016). Historically,
the livelihood requirements were achieved
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by expanding settlements horizontally, while
compromising ecosystem services and resilience
and exaggerating the vulnerabilities to climate
change.

Mahendra and Seto (2019) showed the
irreversible land development that affected the
consumption patterns of resources such as land,
energy and water. Some of the issues illustrated
by Mahendra and Sato are associated with the
expansion of urban areas. These include increase
in per capita cost to provide public services, social
costs associated with congestion, pollution, and
the inefficiencies associated with increase in
volume and height of buildings constructed as
human settlements. Detail factors highlighted
by Mahendra and Seto (2019) justify the
vertical expansion or upward growth of human
settlement in cities. Even though sky scrapers
provide housing for growing population, the
horizontal expansion of sky scrapers everywhere
will not provide sustainable solution for the
fragmentation of lands and its impacts over
ecosystems.

Gunasena (2018) identified that the human
settlements in Sri Lanka are expanding
horizontally across all ecosystems from the
ancient time, and likely to continue in the future
too. Fragmentation of land was the major feature
in catering to the increasing individual and public
needs. Vitharana (2005) highlighted that the land
fragmentation in Sri Lanka was one of the major
environmental threats, initially aggravated with
the commercial plantations during the colonial
period. These threats could be identified as
major causes for climate variability in Sri Lanka.

According to the Climate Risk Index published
in 2019 by German Watch (Eckstein et.al.,
2018), Sri Lanka was ranked as the 4™ highest
climate risk of 182 countries in 2016, and was
ranked 2"in 2019 according to 2017 data. The
ranking was based on vulnerabilities to natural
hazards and weather related loss events. In Sri
Lanka, with the steady increase of population
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many natural ecosystems are being destroyed
with the need for housing. Settlement expansion
results in creating vulnerability to climate
change impacts.This paper highlights the land
fragmentation and its impacts in Sri Lanka using
two case studies, namely the Rajarata “Ellangava”
ecosystem and wet zone downstream ecosystems
with small mountain peaks. It proposes vertical
expansion of human habitats for highlands and
lowlands as a measure of mitigating impacts of
climate change.

Expanding human settlements across
“Ellangava” ecosystems in Rajarata

The water and land ecosystems in the “Rajarata”
area in the ancient periods were managed by tank
cascade systems, or generally called “Ellangava”
systems. Ecosystem and the associated
livelihoods in Ellangava collapsed and hydraulic
civilization was abandoned in 12" century,
due to foreign invasions (Dharmasena, 2010).
According to Panabokke et.al., 2002, the small
tank systems have been in existence since the
medieval period and removing of “Rajakariya”
management system during the colonial period
was identified as one of the major reasons for the
abandonment of land resources in “Ellangava”
ecosystem. The constructing of large agricultural
wells to use groundwater resources happened
due to the degradation of Ellangava ecosystems
and abandonment of land resources.

Furthermore, the multipurpose irrigation
projects  catering to increasing human
settlements were the causes for further reduction
of the density of small tanks and feeder channels,
leading to abandonment of land resources in the
“Ellangava” ecosystem. Presently, amidst the
increasing impacts of climate change (Senaratne
et.al., in 2009), Sri Lanka is struggling to find new
lands for settlement schemes and agricultural
and industrial purposes. This also resulted
in clearing of natural forest cover even in the
catchment areas of “Ellanga”cascade ecosystems.
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Figure 1 shows that human settlements around
Nuwara Wewa expanded horizontally over
the catchment areas of “Ellangava” or cascade
ecosystems.

Figure 1 (a) Densely populated areas in the western side

of the Nuwara Wewa near “Kada Panaha”
wewa in Anuradhapura (b) Closer view of land
fragmentation near “Kada Panaha” wewa
Source:  Google Map
Lowland areas are also encroached for
agricultural purposes. Horizontal expansion
of human settlements created bare and highly
impervious lands while lowering the infiltration
capacity and increasing the surface runoff during
the rainy season. These degraded ecosystems

have low suitability for human settlement.

Makarieva and Gorshkov’s (2007) found that
atmospheric low-pressure areas are created
above forest cover in any land area due to higher
evaporations than that from the sea surface. The
low pressure systems trigger flows of moisture
laden wind towards the land and generate inland
precipitation. Reduction of forest cover decreases
the moisturized wind flows towards the land and
consequently reduces the inland precipitation.
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This concept clearly shows the relationship
between the forest cover and the precipitation.
Therefore, the deforestation that took place for
human settlements and agricultural purposes
may have increased the drought and flood
vulnerabilities in the Rajarata area.

According to the World Bank estimates, average
annual expenditure for natural disasters in Sri
Lanka is around 68 billion rupees (GFDRR,
2019). Hence, new settlement schemes using
vertical space rather than horizontal spread
in village system will reduce the damages of
disasters and safeguard the ecosystems for future
generations.

Proposed vertical settlement scheme for
“Ellangava” ecosystem

To address the issues raised by Mahendra and
Seto (2019) and the land fragmentation taking
place in Rajarata area, it is proposed to expand
human settlements vertically along the interface
where highland meets the lowland areas.
Selecting the interface could be identified as the
unique feature of the present paper compared to
the global approach discussed by Mahendra and
Seto, which does not provide criteria to identify
specific land parcels to minimize the impact over
ecosystem services and resilience. This Interface
was selected to free the upper catchment areas
for planned agriculture and afforestation. It is
also expected to minimize impacts over natural
drainage patterns heading towards tanks in
cascades. Better management practices are
proposed to improve the groundwater recharging
along drainage lines towards tanks in cascades.
Hence, the ecosystem services and resilience will
have significant improvement against devastating
climate change impacts.
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Figure 2: Proposed vertically expanded human settlements,
industrial zones commercial zones and other
utility facilities in “Rajarata” area

Source: Personal

All residential schemes, industrial zones,
commercial areas, including schools, hospitals
and other public services must be established in
these proposed settlement schemes (Figure 2).
Housing schemes will be constructed to have
privacy with more space. Community centers
will be provided to develop the social and
ethnical harmony.

Policy initiatives for land and other
natural resource management

New land policy initiatives must be formulated to
manage the existing individual land ownership,
while allowing to have common environmentally
friendly cultivation programs for the entire
cascade system. Such policies can optimize the
production per unit land area while maintaining
the ecosystem services and the resilience of those
“Ellanga” ecosystems. Nearly 25 percent of the
total land area of Sri Lanka belongs to the wet
zone of the country and the rest belong to the
intermediate and dry zones. Most of the fertile
soils could be found in intermediate zone and
dry zone areas. The 103 river basins flow radially
from the central hills via the three agro-climatic
zones, and end up in the sea through river deltas.
Most downstream areas of these rivers comprise
of mountains of elevations around 200 meters.
The Nilwala river downstream is a case study for
illustration.
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Figure 3: (a) Hilly areas of the Nilwala downstream and (b)
small tributaries, (c) water springs and (d) anicut
systems

Source:  Personal

Figure 3, shows the mountain areas, small
streams, water springs and anicut systems
belonging to the downstream of the Nilwala
river. Due to population increase, many of
these areas are now being cleared for livelihood
improvements. Similar changes in landscape
exist in most river basins in Sri Lanka.

The mountain regions with elevations around
200 meters are common in the downstream of the
Nilwala river basin (Figure 4a). These small hill
tops were cleared mainly for human settlements
(Figure 4b) altering hydrological processes that
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are needed for healthy ecosystems and better
quality surface and ground water resources. The
surface and groundwater reserves in these small
hills will determine the future livability of the
Nilwala downstream.

The Nilwala River is the source of drinking water
supply for the entire Matara district (Piyadasa
and Navaratne, 2008). The first water pumping
station was established 8 km away from the
river delta. Later, it was shifted 19 km further
away from the delta up to Balakawa due to the
salinity intrusion. Salinity intrusion takes place
during the dry season where river water level
goes below mean sea level due to lack of enough
groundwater flux from upper reaches.

The land exploitation in the upper reaches
increases the imperviousness of soil, drastically
lowering  the infiltration  capacity and
increasingthe surface runoff. This could happen
in downstream of all other river basins in Sri
Lanka. If appropriate land policy initiatives
(Gunasena, 2019) are not in place to increase the
groundwater recharging in upper reaches where
land slide threats are minimum, severe ecological
disasters could be expected due to changing
ecosystem services and resilience.

Figure 4: Hilly areas of the Nilwala downstream (a) Fragmentation of hilly areas near Kadawedduwa town (b) Closer view

of one mountain

Source:  Personal
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Figure 6: Proposed settlement scheme for hilly areas Source: Personal

Vertical habitat for hilly areas as a climate
change mitigatory measure

As shown in Figure 6, vertical habitats must be
established along the foot of mountain areas.
This will release the mountain land parcels
to be kept as natural forest covers or to be
cultivated with soil conservation measures,
minimizing impervious areas. Accordingly,
natural infiltration process and groundwater
recharging process will be improved. Soil
masses in these hill tops will hold enough
water as soil moisture to be released to nearby
streams, water springs and reservoirs during
dry spells. Therefore, these vertical habitats
will act as a climate change mitigatory measure,
allowing to manage ecosystem services and
resilience efficiently than horizontally expanding
human settlements over the mountain tops.
Furthermore, vertical habitats will minimize
fragmentation of natural ecosystems in hilly
areas and improve the livelihoods of humans
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living around the mountains environmentally as
well as aesthetically.

The vertical expansion of human habitats will act
as a strong climate change mitigatory measure.
Vertical expansion compared to horizontal
expansion will safeguard ecosystem services
and resilience in cascades or the “Ellangawa”
systems. Further, these habitats will provide an
opportunity to maintain the sustainability of
“Ellangava” ecosystems in Rajarata and sensitive
water sources in upper catchment areas for the
future generations. Vertically expanding human
habitats can reduce the degradation of fertile
lands in the Rajarata ellanga systems and the
drying up of the Central hills due to clearing
evergreen natural forest cover for settlements
and for unplanned agriculture.

Furthermore, managing power and
telecommunication, water supply, sewerage and
drainage services, and establishing solid wastes



C.P. Gunasena

recycling projects could be much easier. Cost
effectiveness of these services will be much
higher than in traditional horizontal spreading
settlement  schemes.  Proposed  vertically
expanding human habitats will provide
opportunities to build up human livelihoods
as a community, not only accepting the cultural
and ethnical diversity but also baring the
responsibility of sustainability of ecosystems as
a community responsibility. Everybody can have
an apartment according to income level, while
enjoying the aesthetically pleasing environment
collectively.
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Conclusion

The limited land resources in Sri Lanka have
to be well managed when developing future
human settlements.The paper proposed vertical
expansion of human settlements. Most issues
arising with horizontal expansion of settlement
could be minimized with the vertically expanding
human habitats. It facilitates management of
the ecosystem and services as a community
responsibility. Establishment of commercial and
industrial production units, mobilizing financial,
natural and human capital efficiently with a
better transportation system, efficient power
and telecommunication system, and effective
solid waste, sewerage and drainage management
systems can improve the livelihoods of people.
Policy initiatives are essential to develop a code
of ethics for utilizing natural resources such
as, land, water and other biotic and abiotic
resourcesas a community responsibility.

Note:

for future generations.

Figure 2 is drawn only to elaborate the possibility of using land parcel where upland meets the low land
area specially in “Rajarata” to construct vertical human habitats. Drawing does not illustrate the actual
design parameters to be considered prior to the project formulation. Similarly, Figure 6, only represents
the possibility of constructing vertical human habitats in a very sensitive ecosystem near a foot of a hill
and near to a water fall. Drawing does not represent actual design parameters which must be considered
during the project designing phase. Those drawings are only representing the possibility of safeguarding
sensitive ecosystems and their services, while utilizing those spaces to cater to the increasing population
density. It is the responsibility of present generation to utilize those sensitive ecosystems and their services
to improve their livelihoods while maintaining the ecosystem resilience with good management practices
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