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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 

Editorial

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
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Vulnerable hot spots to water and agricultural 
risk in Sri Lanka

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 

•	 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.

Upali A. Amarasinghe*, Giriraj Amarnath and Niranga Alahacoon
International Water Management Institute (IWMI), Colombo, Sri Lanka

u.amarasinghe@cgiar.org
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ximax-ximin
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when higher values show 
higher vulnerability

when lower values show 
higher vulnerability

Vulnerable hot spots to water and agricultural risk in Sri Lanka

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 A1). 

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 (X

ij
) to bring them to a common, 

increasing scale of risk (0-100). 

The standardized indicator (Y
ij
) is 
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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 conflicts 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 

Where: X
ij
, X

iMin
, and X

iMax
 are the actual, 

minimum, and maximum values of the ith 

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 A1). 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:

Riverbasin V
ij

K
k∑ =1

Aijk

Aij
RiverbasinV

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 

Upali A. Amarasinghe, Giriraj Amarnath and Niranga Alahacoon
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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). It 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.

Vulnerable hot spots to water and agricultural risk in Sri Lanka
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Figure 1. Exposure, sensitivity, adaptive capacity, and overall vulnerability of river basins 
to water and agricultural risks.
Source: Authors’ estimation.

Upali A. Amarasinghe, Giriraj Amarnath and Niranga Alahacoon
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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.

•	 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

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. IWMI 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.

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

•	 Improve on-farm soil health and water 

Vulnerable hot spots to water and agricultural risk in Sri Lanka

Figure 2.	 Frequency of droughts between 2001 
and 2016. 

Source:	 International Water Management Institute 
(IWMI) 
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Annex. Index for identifying the vulnerable hot spots. 

Indicator (X
ij
) Standardization(Y

ij
) Mean

1

Standard 
Deviation1 Remarks

1. Exposure indicators

i	 Average annual runoff 
per person in 2015

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 67.4 26.9 Runoff estimates 

are available at river 
basin level 

Population estimates 
are available at 
divisional secretariat 
(DS) divisions 

Water withdrawals 
and consumption 
data are available at 
the district level

Rainfall estimates are 
available at district 
level

Estimates of viii to 
xi are available at 
district level

Areas exposed to 
flood and drought 
are geographic 
information systems 
(GIS) estimates at DS/
river basin levels

ii	 75% dependable runoff 
per person in 2015

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 66.9 27.8

iii	 Withdrawals - % of 
average runoff

(X
ij
-X

iMin
)/ (X

iMax
-X

iMin
) 25.7 24.0

iv	 Withdrawals - % of 75% 
dependable runoff

(X
ij
-X

iMin
)/ (X

iMax
-X

iMin
) 22.4 22.8

v	 Consumption - % of 
75% dependable runoff

(X
ij
-X

iMin
)/ (X

iMax
-X

iMin
) 25.6 24.4

vi	 Maha season runoff - % 
of annual runoff

(X
ij
-X

iMin
)/ (X

iMax
-X

iMin
) 53.4 33.3

vii	 Maha season rainfall - % 
of annual rainfall

(X
ij
-X

iMin
)/ (X

iMax
-X

iMin
) 57.9 32.1

viii	 Rainy days (>1 mm 
rain) in Maha season

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 46.0 21.4

ix	 Rainy days (>1 mm 
rain) in Yala season

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 71.8 27.2

x	 Longest dry spell (<1 
mm rainy days) in Maha 
season

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 40.7 21.2

xi	 Longest dry spell (<1 
mm rainy days) in Yala 
season

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 49.6 28.6

xii	 Flood-prone area - % of 
the total area

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 35.5 25.0

xiii	 Drought-prone area - % 
of total area

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 38.0 24.7

Table A1. Indicators used for identifying vulnerability hot spots.

Notes : Mean and Standard Deviation of river basins.

Vulnerable hot spots to water and agricultural risk in Sri Lanka
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Indicator (X
ij
) Standardization(Y

ij
) Mean

1

Standard 
Deviation1 Remarks

2. Sensitivity indicators

i	 Population density (X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 8.8 16.8 Demographic estimates 

are available at GN/DS 
division levels from the 
Population census of 
2011

Paddy area and 
cropping intensity 
estimates are available 
at the district level 
from the Department of 
Census and Statistics 

ii	 Household size (X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 79.2 20.7

iii	 Rural population - % of 
total

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 49.9 20.4

iv	 Children (age <15 years) - 
% of total

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 42.2 29.6

v	 Old people (age >60 years) 
- % of total

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 47.0 20.3

vi	 Population with age <15 
or >60 years - % of total

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 43.0 24.4

vii	 Widow/divorced - % of 
adult population

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 21.5 23.5

viii	 Migrants - % of the total 
population

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 23.3 29.7

ix	 Displaced/resettled - % of 
migrant population

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 36.0 24.3

x	 Employed population - % 
of the total

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 65.8 24.3

xi    Employed inagriculture 
- % of the employed 
population

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 29.8 29.7

xii	 Paddy area - % of total 
cultivated area

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 52.4 30.9

xiii	 Minor irrigated + rain-fed 
paddy area - % of total

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 59.3 27.3

xiv	 Cropping intensity (X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 34.0 42.0

Notes : Mean and Standard Deviation of river basins.

Upali A. Amarasinghe, Giriraj Amarnath and Niranga Alahacoon
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Indicator (X
ij
) Standardization(Y

ij
) Mean

1

Standard 
Deviation1 Remarks

3. Adaptive capacity indicators
i	 No schooling (< grade 5) 

population - % of total
(X

iMax
-X

ij
)/ (X

iMax
-X

iMin
) 44.3 25.3 Schooling data available 

at DS division level 
from the population 
census

Poverty data are 
available from 
household income and 
expenditure surveys at 
DS divisional level.

Road density is 
GIS estimates at DS 
divisional/river basin 
level

Access to infrastructure 
data are available from 
the population census

ii	 GCE (O/L) - College 
degree population - % of 
total

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 71.2 18.9

iii	 Poverty (headcount index) 
in 2015

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 38.6 26.2

iv	 Road density (class A&B 
roads)

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 75.0 22.4

v	 Road density (class C 
roads)

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 71.2 18.9

vi	 Households with gas/
electricity for cooking - % 
of total

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 85.6 18.2

vii	 Households with lighting 
(gas/solar/electricity) - % 
of total

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 29.9 22.8

viii	 Households with fixed-
line communication - % of 
total

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 43.7 25.1

ix	 Households with mobile 
communication - % of 
total

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 55.0 23.3

x	 Households with safe 
sanitation - % of total

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 28.9 23.7

xi	 Households with safe 
water disposal - % of total

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 78.6 23.4

xii	 Households with zinc/
palmyra roof - % of total

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 23.9 23.2

xiii	 Households with mud 
walls - % of total

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 21.9 22.6

xiv	 Households with mud 
floors - % of total

(X
iMax

-X
ij
)/ (X

iMax
-X

iMin
) 44.1 24.8

Notes : Mean and Standard Deviation of river basins.

Vulnerable hot spots to water and agricultural risk in Sri Lanka
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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 
Lanka’s population who are employed in the 
agricultural sector (Department of Census and 
Statistics, 2018) are particularly vulnerable to 
the increasing food insecurity. 

Sri Lanka has a rich history of irrigated agriculture 
where large reservoirs buffer the impact of 
rainfall variability. The Mahaweli Development 
Scheme is one of the largest irrigation schemes 

Adapting to climate change impacts through enhanced 
resilience in the Agriculture sector

•	 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.

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

•	 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 

Thilini de Alwis*, Frank Jayasinghe and R.A.Sunimal Chandrasiri.
Project on Addressing Climate Change Impacts on Marginalized Agricultural 

Communities Living in the Mahaweli River Basin of Sri Lanka
*thilini.dea@gmail.com
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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 (CCAP)’ 
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 

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 table1 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 

Adapting to climate change impacts through enhanced resilience in the Agriculture sector
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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 
Committee, 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 

District DSD Farmer Organisation No. of beneficiary families

Pollonnaruwa Medirigiriya 52 6898

Lankapura 18 1696

Nuwara Eliya Walapane 113 5445

118 14039

Table 1: The number of farmer organizations and beneficiary families covered by the project

Thilini de Alwis, Frank Jayasinghe and R.A.Sunimal Chandrasiri

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.
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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 88

Polytunnel 55 - 55

Total 77 66 143

Adapting to climate change impacts through enhanced resilience in the Agriculture sector

Coconut Plants Cashew Plants Fruit Plants Kaya Plants Agro Wells Rainwater

harvesting tanks

Beneficiaries reached through home garden 
development 

Home garden development 
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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.

Figure 3: Threshing machine (Walapane)

Thilini de Alwis, Frank Jayasinghe and R.A.Sunimal Chandrasiri

Figure 4: Cereal Processing Machine (Walapane)

Figure 5: Project investment in introducing alternative income sources to beneficiaries

Livestock Fisheries Coconut Cashew Bee Keeping Mushroom 
development

Investment for alternative income generation (Rs.Mn.)

Investment for alternative income generation (Rs.Mn.)
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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, 

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

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.

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.

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. 

Adapting to climate change impacts through enhanced resilience in the Agriculture sector

Improvement of Irrigation Structures

Minor Tanks Anicuts Canals
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Medirigiriya/ 
Lankapura Divisions

Walapane Divisions Total

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 ½ hour before a landslide 
occurs. Total investment for this initiative is 20 
million rupees. 

Table 3: Details of capacity building programmes conducted  

Thilini de Alwis, Frank Jayasinghe and R.A.Sunimal Chandrasiri

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 

Figure 7: EW system being installed by NBRO

Figure 8: Automatic rain gauge installed in Walapane

Adapting to climate change impacts through enhanced resilience in the Agriculture sector

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 

Thilini de Alwis, Frank Jayasinghe and R.A.Sunimal Chandrasiri

Figure 10: Rainwater harvesting tank

Figure 11: Cattle provided by the project

Figure 12: Young poultry chicks provided by the project

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.

Adapting to climate change impacts through enhanced resilience in the Agriculture sector

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 
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 16: Minor tank rehabilitated in Walapane

Figure 15: Canal constructed by the project in Medirigiriya

Thilini de Alwis, Frank Jayasinghe and R.A.Sunimal Chandrasiri
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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° C increase 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.

Spatial evaluation on the effects of extreme weather 
conditions on small holder tea cultivation in Galle

•	 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

•	 The impact of extreme weather conditions on the tea smallholdings in the Hawpe GN Division 
was observed

•	 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

•	 It is necessary to adopt new adaptation and mitigation methods in order to maintain high 
productivity of tea

G.P.T.S. Hemakumara*, N. K. G. Harshani and Piyadasa Hewage
Department of Geography, University of Ruhuna
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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 4th 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 

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% 

Spatial evaluation on the effects of extreme weather conditions
on small holder tea cultivation in Galle
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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 Lanka’s 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 

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 

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. 

Spatial evaluation on the effects of extreme weather conditions
on small holder tea cultivation in Galle
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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:

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 used 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 

G.P.T.S. Hemakumara, N. K. G. Harshani and Piyadasa Hewage
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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 

Spatial evaluation on the effects of extreme weather conditions
on small holder tea cultivation in Galle

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 



29  

NeelaHaritha Vol.3, 2020

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 

G.P.T.S. Hemakumara, N. K. G. Harshani and Piyadasa Hewage

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 

Figure 3: Rainfall, temperature and tea yield distribution of Study area in 2017
Source: Talawakelle Tea Estate PLC, Moragalla, Imaduwa and Field Observation
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Spatial evaluation on the effects of extreme weather conditions
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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 

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 leaf 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 4: 	Dying tea bush
Source:	 Field observation, December 13.2017 (sample 

number 16)

Figure 5:	 Dying new tea plantbush
Source:	 Field observation, December 2017 

(sample number 16) 
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Figure 6:	 Tea leaf disease
Source:	 Field observation, December 13, 2017 (sample 

number 19)

Figure 7:	 Termite damage
Source:	 Field observation, March 26, 2018 

(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. 

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. 

Spatial evaluation on the effects of extreme weather conditions
on small holder tea cultivation in Galle
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Landslides: Linkages with climate change, 
land use practices and land cover changes 

•	 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
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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 

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. 

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

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 

Service [Local]

Agriculture Animal Husbandry

Foreign
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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, T.M., & 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, T.M., & Sakalasooriya, 
N., 2018c) .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).

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 al, 
2018). Thus, we can say the area is physically 
prone to landslides.
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Figure 2 :	Land cover of area in 1956 and 2016
Source -	 Silva, T.M., & Sakalasooriya, N., 2018a

Figure 3  :	Temporal extent changes of manmade land cover and natural land cover of steep slopes – (Hectare)
Source -	 Silva, T.M., & Sakalasooriya, N.,2018b
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Figure 4 –	 Exposed Rock area (1992, 2012 and 2016) 
Source -	 Silva, T.M., & Sakalasooriya, N.,2018c

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 
unknown etiology (CKDu) as a societal hazard: A study 

in Padaviya Divisional Secretariat area in Anuradhapura 
District of Sri Lanka

•	 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.
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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 



44

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 2 area or 16% of total land area, consists of two 
districts, Anuradhapura and Polonnaruwa. There 
are 29 Divisional Secretariat Divisions (DSD) in 

Perception of people to Chronic Kidney Disease of unknown etiology (CKDu) as a societal 
hazard: A study in Padaviya Divisional Secretariat area in Anuradhapura District of Sri Lanka

Figure 1:	 Risk map of CKD in Padaviya DS area 
Source: 	 Compiled by the researcher using IDW spatial analysis tool in GIS, 2019. 
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NCP i.e. 22 and 7 DSDs  in Anuradhapura and 
Polonnaruwa districts respectively (Gunatilake 
et al.,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

•	 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.

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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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 
pattern

09 06 06 17 06 13 57

Use of aluminum utensils for 
cooking

06 09 06 13 04 19 57

Snake bite 07 12 02 03 23 10 57

Living environment with high 
temperature

05 10 06 08 18 10 57

Source: Field survey data conducted by the researcher in 2018

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.

Perception of people to Chronic Kidney Disease of unknown etiology (CKDu) as a societal 
hazard: A study in Padaviya Divisional Secretariat area in Anuradhapura District of Sri Lanka
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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 people’s 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.

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.

L.M.A.P.Gunawardhana
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Enhancing the capacity of the road sector in Sri Lanka 
to withstand climate change risks

•	 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.

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

A.K.Jayatilake and U.M.Abeysinghe*
EML Consultants (Pvt) Ltd.

*udya.abeysinghe@gmail.com

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).

Road Class Road Length (km)

Class "A" Roads 4,217.42 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

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

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

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 

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 
(Source:	 Road Development Authority 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.

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)

•	 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 

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

Fogs (usually in 
mountain regions)

•	 Traffic hindrance and safety issues to drivers

•	 May result in health problems to asthmatic patients 

Smog (usually in dry 
lowland urban areas)

•	 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 

•	 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 21st 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 it is 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, 

A.K.Jayatilake and U.M.Abeysinghe

Figure 2:	 Average annual rainfall anomaly 2030
Source :	 Climate change Risk Assessment of Sri Lanka, 

2018, ADB TA – 8572 – Un-published

Sri Lanka : Average Annual Rainfall Anomaly, 2030
(RCP 8.5)
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Figure 3:	Average annual maximum temperature anomalies 
for year 2030

Figure 4:	Average annual minimum temperature 
anomalies for year 2030

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

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

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.

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 

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

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

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).

A.K.Jayatilake and U.M.Abeysinghe

Phase Road structure/ 
Infrastructure

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

Road 
Planning

•	 Introduce a classification index to identify the road sections 
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

Table 3: Disaster risk reduction measures for Floods and Heavy rains 
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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 
structures

•	 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 

Road 
infrastructures 
and road signage

•	 Design and install warning road signs, visible clearly even in 
the flood situations.

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

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



57  

NeelaHaritha Vol.3, 2020A.K.Jayatilake and U.M.Abeysinghe

Phase Road structure/ 
Infrastructure

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

Maintenance 
phase

•	 Clear 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 
structure/ 
Infrastructure

Heat and drought

Road 
infrastructures 
and road 
signage

•	 Have clearly visible road signs and introduce new signs where 
the surface may get affected due to heat stress.

•	 Provide watering points as part of road landscaping to reduce 
heat risks and to those pedestrians using the roads in urban 
areas

Traffic 
management

•	 Avoid vehicle congestion in urban areas as stranded traffic 
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 
phase

•	 Maintain road signage boards and update accordingly (for 
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 

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

Table 5: Disaster risk reduction measures for Earth slips and Landslides

Phases Road structure/ 
Infrastructure

Mountainous areas
Earth slips & Landslides

Road 
planning and 
design

•	 Avoid high risk areas or consider possible disasters of the 
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 
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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
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foaY.=K úm¾hdi yuqfõ wjOdkug ,lajk uqyqÿ ;DK 

•	 uqyqÿ ;DK hkq ,jK iys; c,fha cSj;a ùug wkqj¾;kh jQ" imqIam Ydl ldKavhg 

wh;ajk Ydl fldÜGdYhls'

•	 uqyqÿ ;DK u.ska isÿ lrkq ,nk fiajd iy ld¾hhka ksid fuu mßir moaO;sh mdßißl 

iy wd¾Óluh jákdlulska iukaú; woaú;Sh moaO;shla f,io y`ÿkdf.k we;s w;r" 

fuksid f;jk jeo.;au mßir moaO;sh f,ig ms<s.kq ,nhs'

•	 wdf,dalh" fmdaIH mod¾:" ldnkavfhdlaihsâ" iqÿiq Wmia;r" ,jK uÜgu" WIaK;ajh" 

pH w.hka yd wfkl=;a jeo.;a uQ,sldx. uqyqÿ ;DK Ydl j, meje;au i`oyd m%Odk 

jYfhka n,mdkq ,nk w;r" tu uq,sldx.hkaf.a m%udKhka uqyqÿ ;DK úfYaIh wkqj 

fjkia fõ'

•	 TiafÜ%,shdkq m¾fhaIK lKavdhula u`.ska foaY.=K úm¾hdi mqfrdal:k j,g wkqj 

WIaK;ajh by< hdu ksid we;súh yels wjOdku f,i uqyqÿ uÜgu by< hdu" fN!;sl 

ydks" laIKsl .xj;=r yd wfkl=;a wkfmaCIs; ydkSka fya;=fjka uqyqÿ ;DK j,g jk 

n,mEu fjk fjku wOHhkh fldg we;' 

•	 foaY.=K úm¾hdi fya;=fjka uqyqÿ ;DK uy;a wjOdkulg ,lajk mdrsirsl moaO;shla 

njg mqfrdal:kh we;s w;ru ;DK N+ñ ixrlaIKh i`oyd úúO l%fudamdhkag t<öu 

;=,ska fuu mßirfha iqrlaIs;;djh ;yjqre l< yelsfõ'

iqika; Wvf.or
f;jk cd;sl ikaksfõok jd¾;dj ieliSfï jHdmD;sh" 

foaY.=K úm¾hdi f,alï ld¾hd,h" mrsir wud;HdxYh
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ye`Èkaùu

uqyqÿ ;DK hkq ,jK iys; c,fha cSj;aùug 

wkqj¾;kh jQ" imqIam Ydl ldKavhg wh;a 

mßKdufhka Wiia Ydl fldÜGdYhls' fuu 

;DK Ydl úfYaI f.dvìu ;=< mj;sk ;DK 

úfYaI j,g iudk;djhla olajk w;r" id.r 

mßirh ;=< csj;a jk neúka —uqyqÿ ;DK˜ (sea 
grass) f,i y`ÿkajkq ,nhs' fulS ;DK Ydl 

fkd.eUqre id.r yd l,mq mßirh ;=< ysre t<sh 

c,h ;=<g úksúo hd yels uÜgug jHdma; ù 

we;s w;r óg¾ 70 la muK .eUqre id.r c,fha 

§ mjd fuu uqyqÿ ;DK jd¾;d ù we; ^c,fha 

fndrNdjh wkqj - 'turbidity'&' uqyqÿ ;DK talîc 

m;%S Ydl .Khg we;=<;a jk w;r ±kg jir 

ñ,shk 70-100 w;r ld,hla ;=< § mßKduhg 

,la jQ úfYaIhls' 

fuu Ydl úfYaIfha idudkH jHqyh ie,lSfï 

§ th" m;%" iudka;r o`vq" ffrfidau iy uq,a 

hkdosfhka iukaú; fõ' fïjdfha iuyr úfYaI 

jd;h u`.ska o ;j;a iuyr úfYaI c,h u`.skao 
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mrd.kh fõ' ;jo" j¾Ol m%pdrKh u`.ska o 

fuu ;DK Ydlj, jHdma;sh isÿfõ'

fuu mßir moaO;sh mdßißl úoHd;aul jYfhka 

jeo.;a ld¾hhka /ila bgqlrkq ,nhs' WodyrK 

f,i m%d:ñl ksIamdokh" wfkl=;a Ydl iy 

i;=ka i`oyd jdiia:dk iemhSu" Ydl NlaIlhkag 

wdydr iemhSu" wj,ïNs; øjH ia:dhslrKh 

lsÍu iy fmdaIH mod¾: pl%ShlrKh wdÈh 

i`oyka l< yelsh' úoHd{hkaf.a m¾fhaIK j,g 

wkqj" ksj¾;k l,dmh ;=, uqyqÿ ;DK mj;sk 

m%foaY j,ska 21 .=Khla muK jdiia:dk i`oyd 

Wmia:r imhhs' f,dj ±ä f,i ;¾ckhg ,la jq 

úfYaIhka jk uqyqÿ W!rka ^Dugong& iy fld< 

leianEjka ̂ Green turtle& ,nd.kakd wdydr j,ska 

90% la muKu uqyqÿ ;DK Ndú;d lrkq ,nhs' 

uqyqÿ ;DK mßirfha mj;sk fN!;sl" ridhk 

úoHd;aul fukau csjúoHd;aul idOl flfrys 

n,mEula t,a, lrk neúka fuu mßir moaO;sh 

—mdßißl bxcsfkarejka˜ f,i y`ÿkdf.k we;' 

;jo" fuu úfYaIj, m%d:ñl ksIamdokh f.dvìu 

mj;sk mßir moaO;s j,g jvd fnfyúka jeä 

w.hla .kq ,nhs' we;eï ia:dk j, mj;sk 

úfYaI jeäukla khsg%cka wjfYdaIKh fldg 

khsg%cka nyq, ia:dk f,i mj;ajdf.k hñka 

mj;S' uqyqÿ ;DK u`.ska isÿ lrkq ,nk fiajd iy 

ld¾hhka ksid fuu mßir moaO;sh" mdßißl 

iy wd¾Óluh jákdlulska iukaú; woaú;Sh 

mßir moaO;shla f,io y`ÿkdf.k we;'

úoHd;aulj .Kkh lsÍfïoS uqyqÿ ;DK u`.ska 

isÿlrk ld¾hhka muKla we.hSulg ,la fldg 

we;s w;r" tys jákdlu fylaghd¾ tllg 

fvd,¾ 34"000 muK jk nj uydpd¾h fId¾Ü 

we;=`M m¾fhaIlhska úiska 2011 § ;yjqre fldg 

we;' ;jo" m¾fhaIlhka úiska ;yjqre fldg 

we;s wdldrhg fuu úfYaI yg ksj¾;k jeis 

jkdka;rj, ldnka ;sr lsÍfï iS.%;djh g jvd 

30 .=Khlska by< ldnka ;sr lsÍfï yelshdjla 

we;s nj y`ÿkdf.k we;' f,dj mj;sk ldnka 

ixÑ;j, jeä odhl;ajhla ks,a ldnka ^blue 
carbon& ixÑ; u`.ska imhkq ,nk w;r fï 

i`oyd uqyqÿ ;DK jeä odhl;ajhla olajkq ,efí' 

tlS jeo.;alu ksid uqyqÿ ;DK mßir moaO;sh 

f,dj ;=< mj;ska f;jk jeo.;au mßir moaO;sh 

^ksj¾;k fldr,a iy ksj¾;k jeis jkdka;rhg 

 Y%S ,xldj wh;a jkafka bkafvda meis*sla 

l,dmhg jk w;r" fï jk úg Y%S 

,xldj ;=, uqyqÿ ;DK úfYaI 15 la muK 

jd¾;d ù we;' fuys .Kkhl< jHdma;sh 

fylaghd¾ 23"819 muK fõ'  Y%S ,xldj 

;=, jHdma;sh .;aúg m%Odk j l,mq iy 

fkd.eUqre uqyqo ;=< fõ' uqyqÿ  ;DK 

nyq, j jHdma; ù we;s m%foaY f,i 

mq;a;,u l,mqfõ isg hdmkh w¾Ooaùmh 

olajd l,dmh y÷kdf.k we;' b;d ÿ,n 

úfYaIhla  jk uqyqÿ W!rka ^Dugong& fuu 

m%foaYh ;=< jd¾;d jk w;r" thg fya;=j  

fuu úfYaIhg ys;lr uqyqÿ ;DK úYd, 

m%udKhla mej;su hs'

muKla fojeks jk& f,i m¾fhaIlhka úiska 

kï lr we;'

kj;u o;a; j,g wkqj f,dj uqyqÿ ;DK 

úfYaI 72 la muK y`ÿkdf.k we;s w;r" 

mdßißl ,laIK i,ld ne,Sfï§ th m%Odk cSj 

m%foaY ^Bioregions& yhl jHdma; ù we;s njg 

y`ÿkdf.k we;'

uqyqÿ ;DK j, meje;au i`oyd n,mdk m%Odk 
idOl

uqyqÿ ;DK Ydl j, meje;au i`oyd m%Odk jYfhka 

wdf,dalh" fmdaIH mod¾:" ldnkavfhdlaihsâ" 

iqÿiq Wmia;r" ,jK uÜgu" WIaK;ajh yd pH 
w.h hk jeo.;a uQ,sldx. y`ÿkdf.k we;' 

by; i`oyka l< uQ,sldx.j, wjYH;d j, 

rEmh 1 ( uvl,mqfõ yuqjk Halophila ovalis uqyqÿ;DK N+ñhla

foaY.=K úm¾hdi yuqfõ wjOdkug ,lajk uqyqÿ ;DK
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m%udKhka uqyqÿ ;DK úfYaIh wkqj fjkia jk 

w;ru fuu idOl úfYaI úúO;ajh we;s lsÍug 

n,mdkq ,nhs'

01'	 wdf,dalh # wdf,dalh uqyqÿ ;DK jHdma; 

jk .eUqr ;SsrKh lrkq ,nk m%Odk 

idOlhls' tu ksid iqÿiq wdf,dalhla mj;sk 

ia:dk j, uqyqÿ ;DK u`.ska jeä m%d:ñl 

ksIamdokhla isÿ lrkq ,nhs' m¾fhaIK 

j,g wkqj wdf,dalh wju m%foaYj, uqyqÿ 

;DK úúOdldr ydksùï j,g ,la jk 

nj ;yjqre ù we;' yef,dms,d ^Halophila& 
.Khg wh;a úfYaI b;d wju wdf,dal 

;;a;aj iy wêl wj,ïNs; mßirfha cSj;a 

ùug wkqj¾;kh ù we;' kuq;a" fuu >khg 

wh;a úfYaIhka Èk 40la muK ld,hla 

fijk iys; mßirhl isáhfyd;a ñh hd 

yels w;r" fmdisfvdakshd ^Posidonia& .Khg 

wh;a úfYaIhkag Èk 140 lg wêl ld,hla 

fijk mßirfha cSj;a úh yel'

02'	 fmdaIH mod¾: # fmdaIH mod¾: iu`. uqyqÿ 

;DKj, ksIamdokh wkqf,daju l%shd;aul 

fõ' tu ksid fmdaIH mod¾: jeä mßirfha 

by< ksIAmdokhla jd¾;d fõ' kuq;a 

ksj¾;k l,dmh ;=< fmdaIH mÞ¾: wêl 

f,i mej;Su yd wêl wj,ïNs; mej;Su 

fya;=fjka wys;lr we,a.s jHdma; jkq 

,nk w;ru tu.ska c,h ;=,g wdf,dalh 

mrdj¾;kh úu j<lajhs'

03'	 fN!;sl f,i isÿjk ydkSka # uqyqÿ ;DK 

j, úfYaI úúO;ajh yd meje;au flfrys 

fN!;sl ;;a;aj fndfyda fihska n,mdkq 

,nhs' uqyqÿ ;DK wdydrhg .kakd úYd, 

Ydl NlaIlhska jk uqyqÿ W!rkaf.a ^Dugong 
dugon& wêl W,dlEu ksid" .xj;=r iu`. 

meñfKk wêl wj,ïNs; øjH iy iq<siq<x 

u`.ska we;s jk ydks fya;=fjka uqyqÿ ;DK 

úYd, jYfhka ydkshg ,lafõ' fuu 

úfYaI" mdßißl ;;a;aj j,g wkq.; ùfï 

yelshdjka" úfYaI úúO;ajh yd úfYaIh wkqj 

fjkia fõ' fN!;sl l%shdldrlï fya;=fjka 

.,amr wdY%s;j we;s yef,dähq,a ^Halodule& 
yd yef,dms,d ^Halophila& j, úfYaIhka 

wêl ydkshg m;afõ' kuq;a" fuu mßirfha 

we;s ;e,fidfvkafødaka ^Thalassondendron& 
úfYaIhkaf.a mj;sk wê m%;sckk yelshdj 

ksid tu ydks j,g uqyqK §fï yelshdjla 

fuu úfYaI i;=h'

04'	 ,jK;djh" WIaK;ajh" ldnkavfhdlaihsâ" 

pH # uqyqÿ ;DK j,g ys;lr ,jK uÜgu 

35 ppt jk w;r fuu ;DK úfYaIhka 4-65 

ppt mrdih ;=< jd¾;d ù we;' uqyqÿ ;DK 

úfYaI w;ßka yef,dms,d Tjd,sia ^Halophila 
ovalis& úúO ,jK mrdihka ;=< csj;a ùug 

wkqj¾:kh jq úfYaIhls' WIaK;ajh Ydl 

j, meje;aug n,mdk m%Odk idOlhls' 

WIaK;ajfha fjkiaùï fya;=fjka id.r 

c,fha Èhjk ldnkavfhdlaihsâ m%udKh 

fjkia jk ksid pH w.h fjkia 

ùulg Ndckh fõ' úfYaI úúO;ajh" 

ldnkavfhdlaihsâ iy pH wkqmd;hkaf.a 

wjYH m%udKhka úfYaI wkqj fjkia jk 

w;ru tys ixhq;sh §¾> ld,Sk meje;aug 

w;HjYH fõ' óg wu;rj uqyqÿ ;DK úfYaI 

j, fuu idOl n,mdkq ,nk w;ru tajdfha 

fjkialï j¾Ok fõ.hg iy ndysr ;¾ck 

j,g uqyqK §fï yelshdj i`oyd n,mdhs'

foaY.=K úm¾hdi fya;=fjka uqyqÿ ;DK j,g 
we;sjk wjOdku ^Vulnerability&

TiafÜ%,shdfõ uyd ndOl mrh wdY%s;j we;s 

uqyqÿ ;DK" foaY.=K úm¾hdi fya;=fjka we;sjk 

wjOdku ms<sn`oj m¾fhaIKhla uydpd¾h 

ñfp,a fõfldÜ we;=`M úoHd{dhka msßila 2007 

jif¾§ isÿfldg we; ^Waycott et al.,2007&' 
fuu m¾fhaIK u`.ska foaY.=K úm¾hdi yuqfõ 

uqyqÿ ;DK úfYaI iy jdiia:dkj, we;s  

ord .ekSfï yelshdj" foaY.=K úm¾hdi j,g 

m%;spdr olajk úfYaIhkaf.a jHqyfha isÿjk 

fjkialï iy jHdma;sfha fjkialï wOHhkh 

fldg we;' foaY.=K úm¾hdi mqfrdal:k j,g 

wkqj we;súh yels WIaK;aj fjkialï ksid 

we;súh yels wjodkï f,i uqyqÿ uÜgu by< 

hdu" fN!;sl ydks" laIKsl .xj;=r yd wfkl=;a 

wkfmalaIs; ydkSka fya;=fjka uqyqÿ ;DK j,g 

jk n,mEu fjk fjku wOHhkh fldg we;' 

fuu we.hSu i`oyd foaY.=K úm¾hdi ms<sn`o 

wka;¾ rdcH lñgqfõ ^Intergovernmental Panel 
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ksrdjrKh jk uqyqÿ ;DK N+ñ jdhqf.da,fha wê 

WKqiqu ksid ;¾ckhg ^ms,siaiSug& ,laúh yels 

w;ru wjodkfï m%udKh uqyqÿ ;DK úfYaIh 

u; fjkia fõ' úoHd.dr ;=<§ iajdia;sl ^in-situ& 
wdldrhg wkqj isÿ lrkq ,enq m¾fhaIKhkag 

wkqj WIaK;aj fjkialï j,g wkqj uqyqÿ ;DK 

m%;spdr olajk wdldrh úfYaI wkqj fjkia fõ'

wka;¾ Woï l,dmh ;=< ndÈh ixisoaÈh fya;=fjka 

jdhqf.da,hg ksrdjrKh jk uqyqÿ ;DK  

jdhqf.da,Sh WKqiqu 5'0 ºC lska jeä jq úg flá 

l,la ;=< úYd, m%udKhla úkdYhg ,la fõ' 

;jo WKqiqu jeä ùu ksid ydkslr we,a.S jHdma; 

úh yels w;r tksid uqyqÿ ;DK ydkshg ,la fõ'

02' uqyqÿ uÜgu by< hdu yd fjr< l,dmh hg 
ùu

by; i`oyka l, mßÈ uqyqÿ ;DK jHdma;sh 

wdf,dalh iu`. Rcq iy iïnkaO;djhla 

mj;ajkq ,nhs' m¾fhaIK o;a; j,g wkqj j¾I 

2100 jk úg uqyqÿ uÜgu 10 cm isg 90 cm 
olajd jeä jk njg mqfrdal:kh fldg we;' fï 

fya;=j ksid my;a ìï c,fhka hgùu fya;=fjka 

tu N=ñ ydhkhùu ^mdxY= Ldokh fya;=fjka& 

isÿfõ' tneúka uqyqÿ ;DKj,g iqÿiq jdiia:dk 

wysñ fõ' tfukau wdf,dalh iu`. fuu úfYaI 

wNHka;r ixprKh ^internal migration& ùula 

isÿfõ' ;jo" fuf,i my;aìï hgùfuka we;sjk 

fN!;sl ;;ajhkaf.a fjkiaùu uqyqÿ ;DK úfYaI 

j,g wys;lr f,i n,mdhs'

rEmh 2 # uvl,mqfõ Halodule pinifolia uqyÿ ;DK N+ñhla rEmh 3 # cd;slj ;¾ckhg ,lajQ Halophila beccarii jd,ÉfÉk 

l,mqfõ uqyqÿ ;DK N+ñhla 

on Climate Change - IPCC& u`.ska ksl=;a l, 

y;rjk we.hSï jd¾;dj ^Assessment Report 
4- AR4& ;=, we;=,;a foaY.=Ksl úm¾hdi 

wjodkï we.hSfï l%fudamdhka Ndú;d fldg 

we;' ^Vulnerability Assessment Framework&. 
fuu m¾fhaIKfha m%;sM, idrdxYhla f,i 

my; mßÈ f.kyer olajd we;' ;jo" Y%S ,xldj 

ÿm;a rdcHhla fukau fjk mßir wx. rdYshla 

fuu wOHhkh isÿl, uyd ndOl mrh wdY%s;j 

we;s mßirhg iudklï olajk ksid fuu 

wOHhkfha m%;sM, Y%S ,xldj wdY%s;j mj;sk 

uqyqÿ ;DK moaO;shg we;s foaY.=K úm¾hdij, 

n,mEï j,g fndfyda fihska iudk fõ'

foaY.=K úm¾hdihka ksid we;s úh yels 
úp,Hka j,g uqyqÿ ;DK m%;spdr olajk 

wdldrh'

01' id.r u;=msg iy jdhqf.da,fha WKqiqu 
fjkiaùu

m¾fhaIK o;a; j,g wkqj uyd ndOl mrh 

wdY%s;j WIaK;ajh fmr wjqreÿ 250g idfmalaIj 

fndfyda fihska fjkia ù we;' foaY.=K úm¾hdi 

ms<sn`oj we;s mqfrdal:khkag wkqj j¾I 2100 

jk úg WIaK;ajh 1'2 ºC isg 4'1 ºC uÜgulska 

by< hd yels nj mqfrdal:kh fldg f.k 

we;' fï fya;=fjka fjr< l,dmfha ^wka;¾ 

Woï l,dmfha & mj;sk uqyqÿ ;DK wêl f,i 

wjodkulg ,laúh yel' wka;¾ Woï l,dmfha 

isÿjk ndÈh ixisoaêh fya;=fjka jdhqf.da,hg 

foaY.=K úm¾hdi yuqfõ wjOdkug ,lajk uqyqÿ ;DK
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03' fN!;sl ydkS ^l=Kdgq iy iq<s iq<x&

bÈß jir 100 l ld,h ;=, iq<s iq<x we;sùfï 

iS>%;djh ̂ frequent& b;d by< w.hla fkd.kakd 

njg mqfrdal:kh fldg we;' kuq;a" l=Kdgq iy 

iq<s iq<x j, ;sj%;djfha ^intensity& fjkialï 

ksßlaIKh fldg we;' fï ksid id.r c,h 

le<ô,s iajNdjhla we;sjk w;r jdhqf.da,fha 

wvqmSvk l,dm ks¾udKh ùu u`.ska ;sj% j¾Id 

we;sfõ' ;jo" l=Kdgq iy iq<s iq<x we;súfï 

iS>%;djh iy ;Sj%;djh t,aksfkda ;;ajhla iu`. 

iy iïnkaO ù l%shd;aul jk w;r ta fya;=fjka 

l=Kdgq iy iq<s iq<x we;sùug jeä m%uK;djhla 

olajhs' tneúka" uqyqÿ ;DK j,g isÿ jk fN!;sl 

ydks wju jk w;r" id.rfha r< myf¾ fõ.h 

jeä ùu ksid we;s wj,ïNs; øjH j,ska uqyqÿ 

;DK j,g n,meï isÿ fõ' úYd, Ydl NlaIlhska 

jk uqyqÿ W!rka fulS ;DK wdydrhg .ekSu 

fya;=fjka tajdg isÿ jk ydksh udihla jeks 

b;d flá ld,hlska m%;sia:dmkhg ,lafõ'

04' ;Sj% j¾Idm;kh iy .xj;=r 

foaY.=K úm¾hdi ms<sn`o mqfrdal:k j,g 

wkqj j¾Idm;k rgdfõ meyeÈ,s fjkialï 

ksrSlaIKh l, yelsh' j¾Idm;k rgdfõ iy 

wka;¾ fudaiï rgdfõ fjkialï ^internal 
variation& isÿjk ksid j¾Idj ,efnk ld,iSudj 

iy ;Sj%;djh fjkia ù we;' tys m%;sM,hla f,i 

we;sjk CIKsl .xj;=r iu. úYd, wj,ïNs; 

iy fmdaIH mod¾: úYd, m%udKhla l,mqj,g 

fukau id.rhg uqodyßkq ,nhs' fï ksid ,jK 

uÜgfï laIKsl fjkiaùï j,g Ndckh úh 

yels w;r wdf,dalh fkd,eîu fya;= fldgf.k 

uqyqÿ ;DK ydkshg ,la fõ' ;jo" fuu Ydl w;r 

.xj;=r iu`. meñfKk frdkauv ;ekam;a ùu 

fya;=fjka Ydl l=Kqúulg ,lajk w;r mqIam 

ydkshg m;a fõ' .x.d j, fudah lg wdY%s;j we;s 

yef,dähq,a ^Halodule&, yef,dms,d ^Halophila& 
iy iqiafgrd ^Zostera& .K j,g wh;a úfYaI 

.xj;=rg fndfyda fihska wkqj¾;kh ù we;s 

ksid fuu úfYaIj,g we;sjk ydksh w,am fõ' 

;jo" .xj;=r fya;=fjka wêl c, l`ola meñKsu 

fya;=fjka Ydl mg, j,g ydks ùula isÿfõ' 

tfukau" .xj;=r fya;=fjka uqyqÿ ;DK Ydl 

m%;sia:dmkhg ie,lsh hq;= ld,hla .;jk w;r 

wkd.;fha § .xj;=r we;s jk jdr .Kk jeä 

jqjfyd;a" m%;sia:dmkh i`oyd .; jk ld,h o 

by< hdula isÿúh yelsh' 

05' wdf,dalh iy mdrcïnq, lsrK

wdf,dalh iSud ùug m%Odk idOl lsysmhla n,mdkq 

,nhs' .xj;=r iu. meñfKk wj,ïNs; iy fï 

iu`. meñfKk fmdaIH mod¾: fya;=fjka uqyqÿ 

m;=, ;=<g wdf,dalh úksúohdfï yelshdj iSsud 

fõ' Bg wu;rj foaY.=K úoHd mqfrdal:k j,g 

wkqj jeä iïNdú;djfhka we;sjk mdrcïnq, 

lsrK ksid ndÈh ixisoaêfha§ jd;hg ksrdjrKh 

jk wka;¾ Woï l,dmfha mj;sk uqyqÿ ;DK 

Ydl j,g m;% ms,siaiSsug ,la fõ' yef,dähq,a 

^Halodule&" yef,dams,d ^Halophila& iy iqiafgrd 

^Zostera& .K j,g wh;a uqyqÿ ;DK úfYaIhka 

wdf,dalh fkd,eìu fya;=fjka ydkshg m;afõ' 

kuq;a" ;e,ishd ^Thalassia& úfYaIhka yg wvq 

wdf,dal ;;a;ajhka hgf;a úYd, ord.eksfï 

yelshdjla mj;s' thg fya;=j tu úfYaIfhys 

we;s by< lfndyhsfâÜ ;ekam;=jhs'

06' ldnkavfhdlaihsâ uÜgu iy id.r 
wdï,SlrKh

1950 j¾Ihg idfmalaIj 2019 jk úg jdhqf.da,fha  

ldnkavfhdlaihsâ uÜgu 300 ppm isg 410 

ppm olajd jeä ù we;' ;jo mqfrdal:k j,g 

wkqj bÈß wjqreÿ 100+ l muK ld,h ;=< 

fuu w.h fo.=Khlska muK by< hk njg 

ks.ukh fldg we;' tu ksid" id.rfha Èh ù 

we;s ldnkavfhdlaihsâ idkaøKh fjkia ùu 

fya;=fjka nhsldnfkaÜ idkaøKh fjkia ùulg 

iqika; Wvf.or 

rEmh 4 # W;=re uqyqfoa yuqjk Enhalus acoroides iy Cymodocea 
serrulata  j,ska iukaú; uqyqÿ ;DK moaO;shla
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mj;S' tuksid úfYaI wkqj m%Yia; WIaK;ajh" 

,jK m%udKh pH, w.h" Èhje,a j, m%fõ.h" 

úI" w;HjYH fmdaIH mod¾: jeks idOl úp,kh 

úu ie,ls,a,g f.k È.= ld,Sk fyda flá 

ld,Sk m¾fhaIK isÿ l< hq;=h' fuhg iu.dój 

csj ialkaOfha fjkia ùu" mqIam we;s ùu" ìc 

we;s ùu" îc m%frdaykh" j¾Ok fõ.h we;=`M 

m¾fhaIK wkd.;fha§ isÿfldg ta wkql+,j 

l<uKdlrKh iy ixrlaIK l%fudamdhka 

Ndú;d lsÍfuka foaY.=K úm¾hdij,g uqyqK 

Èh yels uqyqÿ ;DK wkd.;hg b;sß lr .; 

yels fõ' 

ñksid úiska isÿlrkq ,nk ydks j,g wu;rj 

foaY.=K úm¾hdi ksid isÿúh yels whym;a 

m%;sM, fya;=fjka fuu mßir moaO;shg we;súh 

yels ydks b;d ;Sj% fõ' tuksid ixrlaIKh 

iy l<uKdlrK l%fudamdhka j,g t<öu 

isÿ l< hq;=h' Y%S ,xldj úiska bÈßm;a lr we;s 

cd;slj ks¾Kh l, odhl;ajhka ^Nationally 
Determined Contributions& u.ska uqyqÿ ;DK 

ixrlaIKfha jeo.;alu y`ÿkdf.k we;' fï 

i`oyd flà ld,Sk iy È.= ld,Sk o;a; u; 

mokï jq jev ms<sfj,la ilid .; hq;= wu;rj 

úoHd;aul l%u yryd mdßißl m%;sia:dmkh 

^restoration& l%shd;aul lsÍu u`.ska uqyqÿ ;DK 

j`oùfï ;Sj%;djh hï uÜgulg wju lr .; 

yel' ;jo" fï i`oyd kS;suh rduqj iúu;a 

lsÍu" úfYaIfhka uqyqÿ ;DK N+ñ mj;sk m%foaY 

ixrlaIs; m%foaY f,i kï fldg tajdfha ñksia 

l%shdldrlï wju lr,Su u`.ska b;d úYd, uqyqÿ 

;DK N+ñ ixrlaIKh isÿ fldg yel' fulS 

l%shdldrlï ^ixrlaIs; ms<sfj;a& i`oyd t<öu 

;=,ska foaY.=Ksl úm¾hdi yuqfõ wjodku wju 

l< yel' w;suy;a jeo.;alï rdYshlska hqla; 

jk ^f,dj f;jk jeo.;au mßir moaO;sh& 

wkd.; mrmqf¾ iqNisoaêh Wfoid /l.ekSu wm 

fkdmudj isÿ l< hq;= j.lSuls' 

ia;+;sh ( Idea wild Equipment Grant 

cdhdrem # iqika; Wvf.or

rEmh 5 # jdlf¾ fkd.eUqre uqyqfoa we;s Cymodocea serrulata uqyqÿ 

;DK N+ñhla

foaY.=K úm¾hdi yuqfõ wjOdkug ,lajk uqyqÿ ;DK

Ndckh fõ' ta fya;=fjka c,fha pH w.h my, 

hdulg ,la úh yels jk w;r fndfyda uqyqÿ 

;DK Ydl i`oyd fuu fjkia ùu ys;lr f,i 

n,mdkq ,nhs' kuq;a" wê ixfõÈ úfYaI j,g 

pH w.fha isÿjk l=vd fjkialug mjd m%;spdr 

±laúh yelsh'

07' id.r Èhje,a j, ixprkfha fjkia ùu

foaY.=K úm¾hdi fya;=fjka id.r Èhje,a fjkia 

ùulg ,lajk nj úoHd;aulj mqfrdal:khfldg 

we;' tu.ska WKqiqï Èhje,a we;s ùfï iS>%;djh 

jeä úh yels w;r" th uqyqÿ ;DK úfYaI j,g 

ydkS f.k foa' kuq;a" ksjerÈ wdldrhg id.r 

Èhje,a j, fjkia ùu uqyqÿ ;DK j,g n,mdk 

wdldrh ks.ukh lsÍug fkdyels ù we;af;a 

fï ms<sn`o isÿ lr we;s mrSlaIK j, iSud iys; 

Ndjhhs'

ks.ukh

.x`.d" fudah wdY%s;j mj;sk  id.r ;DK N+ñ 

foaY.=K úm¾hdi fya;=fjka úYd, wjOdkulg 

,laúh yel' WIaK;ajfha fjkiaùu" j¾Idm;k 

rgdfõ isÿjk fjkialï" jeks fya;= ksid uqyqÿ 

;DK jeä f,i ;¾ckhg ,lafõ' tneúka" uqyqÿ 

;DK j, fi!LH iïmkak Ndjhg ydks isÿ 

jk w;r fuu jeo.;a mßir moaO;sh foaY.=K 

úm¾hdi wjOdkug ,la ùfuka ioygu ;=rka ù 

hd yelsh'

kuq;a" foaY.=K úm¾hdi fya;=fjka isÿjk 

fjkialï uqyqÿ ;DK j,g n,mdk wdldrh 

ms<sn`o m¾fhaIK ;ju;a iSud iys; ugÜul 
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The potential ecological consequences of predicted climate 
change on marine and coastal ecosystems in Sri Lanka.

•	 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.

•	  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.

•	  In addition, the importance of conservation is also highlighted in this article. 

Avishka Sendanayake
Janathakshan (Pvt) Ltd

avisedanayake@gmail.com

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 
(CO

2
) concentrations been emitted into the 

atmosphere, which can be initially attributed to 
the industrial revolution. If CO

2
 concentrations 

exceed 500 CO
2  

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 

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 

The potential ecological consequences of predicted climate change 
on marine and coastal ecosystems in Sri Lanka.
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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

2
 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).

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 

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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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 

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. 

The potential ecological consequences of predicted climate change 
on marine and coastal ecosystems in Sri Lanka.
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fhyepiykhw;wKk; mjw;fhd rpy 

gz;ilafhyj;J jPu;TfSk;
(Some solutions to reduce the impact of climate change 

using Indigenous Knowledge)

•	 Climate change and its impacts in Sri Lanka. 

•	 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. 

S. Umasuthan
Central Environmental Authority

umasuthan.sm@gmail.com

“G+kp kdpjDf;F nrhe;jkhdjy;y kdpjd; jhd; 

G+kpf;F nrhe;jk;” vd;W $wg;gLtJz;L. Mdhy; 

kdpj ,dk; vy;yh fhyfl;lj;jpYNk nrhe;j 

eyDf;fhf G+kpia fl;Lg;ghl;Lf;Fs; itj;jpUe;J 

mjd; ,aw;f;if tsq;fis Ruz;l Kaw;rp 

nra;Jnfhz;bUf;fpd;wJ. 

1750 Mk; Mz;Lfspy; cyfpy; njhopy; Gul;rp 

njhlq;fpa fhyj;jpypUe;J Rtl;L vupnghUl;fis 

kdpjd; mjpfkhf vupg;gjd; %yk; Vw;gLk; 

thAf;fshy;jhd; gUtepiy khw;wq;fs; 

Vw;gLfpd;wd vd;W Muhr;rpfs; $Wfpd;wd. 

,tw;Wld; mgptpUj;jpaile;j ehLfspd; 

gz;Gfshd mjpfg;gbahd njhopy;kakhf;fy;> 

fhlopg;G> tzpfkakhd tptrhak;> khwptUk; 

czT Kiwfs;> mjpfkhd tsq;fspd; gad;ghL 

vd;gdTk; Kf;fpakhd fhuzpfshFk;.

thA kz;lyj;jpy; fhgdPnuhl;irl; kw;Wk; Vida 

gr;irtPl;L thAf;fs; NknyOe;jjd; gpujpgydhf 

Gtpapd;Nky; ntg;gk; mjpfhpg;gjd; %yk; 

fhyepiykhw;wkiltjhy; Vw;gLk; gt;NtWgl;l 

jhf;fj;jpw;F Kfq;nfhLf;f Ntz;baepiy 

kdpjDf;F Vw;gl;Lf;nfhz;LtUfpd;wJ. 

jPq;F tpistpf;Fk; thAf;fs; kpf Fiwe;j 

vz;zpf;ifapNyNa thA kz;lyj;jpy; ,Ug;gNjhL 

kdpj eltbf;iffspd; fhuzkhf mJ kpf 

tpiuthf mjpfhpj;Jf;nfhz;L tUfpd;wJ. 

,yq;ifapypUe;J thA kz;lyj;jpw;Fr; 

nrd;wilAk; gpujhd jPq;F tpistpf;Fk; 

thAf;fspy; fhgd;lnahf;irl;L> kPnjd;> eapl;wp]; 

xf;irl;> fhgd;nkhndhf;irl;> iel;hp[d; xf;irl; 

kw;Wk; kPnjd; my;yhj Mtpahd Nrjd jputKk; 

mlq;Fk;.

jPq;F Vw;gLj;Jk; thAf;fis cw;gj;jp nra;Ak; 

gpujhd KiwfSf;Fs; kpd;rf;jpia cw;gj;jp 

nra;tjw;fhd Rtl;L vz;izapd; vhpg;G> 

ifj;njhopy; kak; kw;Wk; Nghf;Ftuj;J Kiwfs; 

gq;fspg;Gr; nra;Js;sJ.

Gtpapy; Vw;gLk; fhyepiy khw;wj;jpw;fhf vkJ 

ehl;bd; gq;fspg;G Fwpg;gplKbahj mstpw;F 

FiwthdhYk; Njrpa hPjpahf ngUk;ghyhd 

Rw;whly; jhf;fq;fs; eilngwyhk;. fhyepiy 

khw;wj;jpdhy; ,yq;iff;F Vw;glf;$ba 



76

jhf;fq;fSf;fpilapy; fly;kl;lk; caUjy;> 

Fiwthd fhyj;jpDs; $basthd kio 

tPo;r;rp> ePz;l fhytul;rp> #oy; ntg;gepiy 

mjpfhpj;jy;Nghd;wd gpujhdkhditahFk;. 

,tw;wpd; fhuzkhf ,yq;ifapy; mike;Js;s 

fsg;G> ejp> thtpfSk>; fz;ly;fs; Rw;whlYk;>  

td flw;fiu gpuNjrq;fSk; fhyepiy khw;wj;jhy; 

moptpw;Fk;> Rw;whly; vopy; khw;wj;jpw;Fk; 

cz;lhfpd;wd. jw;nghOJ gpujhdkhf 

KUiff;fw;ghiwfs; $ba msT ntg;gepiyapy; 

moptile;J tUtNjhL> fly; ePhpd; ntg;gepiy 

NkYk; mjpfhpj;J tUtjhy; mtw;wpd; 

kPs;cUthf;fKk; Fiwtile;J tUfpd;wJ. 

ePh;j;jhio Rw;whly; njhFjpAk; fly;kl;lk; 

cah;tjhy; jhf;fj;jpw;F cs;shtNjhL> mjdhy; 

fly; [Ptpfspd; vz;zpf;ifAk; Fiwfpd;wJ. 

mjw;F Nkyhf fly; kl;lk; cah;tjhy; 

ejpfspDhlhf fly; ePh; ehl;bw;Fs; mbj;Jr; 

nry;yg;gLtjhy ;kz;zpd; cth;g;Gj;jd;ik 

mjpfhpf;fpd;wJ.

FWfpa fhyj;jpw;Fs; $ba kiotPo;r;rp 

Vw;gLtjhy; kiyafg;gpuNjrq;fspy; kz;rhpT 

Vw;gLtJTk;> mjDhlhf gt;NtW mdh;j;jq;fs; 

Vw;gLtJTk;> fly;mhpg;gpdhy; Nkl;L epy msT 

FiwjYk; Vw;gLk;.

NkYk; fhyepiy khw;wj;jhy; tptrhaj;jpw;F 

mr;RWj;jy; Vw;gLtjd; %ykhf czT 

cw;gj;jp FiwAk;. mj;Jld; Gtpapd; ntg;gepiy 

mjpfhpg;gjhy; kf;fspd; Rfhjhu rk;ge;jkhd 

mr;RWj;jy;fs; Vw;gl VJthtNjhL gy;NtW 

Neha;fspd; guk;gYk; Vw;hLfpd;wJ. Nktjpfkhf 

,aw;if mdh;j;jq;fshd nts;sk;> kz;rhpT 

kw;Wk; R+whtsp Nghd;wtw;whYk; caph;fSf;Fk; 

nrhj;;Jf;fSf;Fk; Nrjk; Vw;gLfpd;wJ.

fhyepiy khw;wj;jpw;F VJthd fhuzpfis 

Fiwg;gjw;fhd> mtw;why; Vw;gLk; ghjpg;Gf;fis 

Fiwg;gjw;fhd khw;W eltbf;iffs; gy 

jw;fhtj;jpy; Kd;nkhopag;gl;lhYk;> gz;ila 

fhyj;jpy; eilKiwapypUe;j gy eltbf;iffs; 

,yFthdjhfTk; tpidj;jpwDs;sitahfTk; 

fhzg;gLfpd;wd.

tYr;rf;jpia cw;gj;jp nra;Ak;nghOJ 

jPq;F Vw;gLj;Jk;thAf;fs; Rw;whliy 

nrd;wiltjw;fhf ,yq;ifapy; gpujhdkhf 

gq;fspg;Gr; nra;tJ Rtl;L; vhpnghUshd 

ngw;Nwhypa cw;gj;jpAk; rk;gpujha g+h;tkhd 

caphpa vupnghUSNkahFk;. vdpDk; gz;ila 

fhyj;jpNy mbg;gil vuprf;jpg;nghUl;fshf 

tpwFfs;> tptrhaf;fopTfs; kw;Wk; rhzk; 

Nghd;wdNt mjpfkhfg;gad;gLj;jg;gl;ld. 

,tw;wpd; gad;ghl;bd;NghJ Fiwe;jsthd 

gr;irrPl;LthAf;fNs #oYf;F tpLtpf;fg;gl;ld. 

mj;Jld; tpwF vhpg;G ,yq;ifapy; Fwpg;gplf$ba 

tYr;rf;jp ghtidahf ,Ue;jNjhL mJ 

fhgd;lnahf;irl;il ntspapLk;nghOJ 

ghhpa mstpy; gq;fspg;Gr; nra;ahikf;F 

fhuzkhtJ> jhtuq;fis tsh;f;Fk;nghOJ 

kPz;Lk; fhgd;lnahf;irl; thAit mit 

cs;nsLg;gjhNyNa MFk;.

fhgd;lnahf;irl; ntspNaw;Wk; gpujhd 

khh;f;fk; Nghf;Ftuj;J Jiwahjyhy;> mjw;F 

ngw;Nwhy;; kw;Wk; Bry; Nghd;w vhpnghUl; 

jfdk; gq;fspg;Gr;nra;fpd;wJ. ,yq;ifapy; 

Nghf;Ftuj;jpy; <LgLj;jg;gl;Ls;s thfdq;fspy; 

vz;zpf;if Ntfkhf mjpfhpj;J tUtNj ,jw;F 

fhuzkhfpAs;sJ. vdpDk; gz;ila fhyj;jpNy 

nghJg;Nghf;Ftuj;J KiwNa mjpfstpy; 

nghJkf;fshy; gad;gLj;jg;gl;lJ. mj;Jld; 

kpjptz;bfspd; ghtidAk; mjpfkhfNt 

fhzg;gl;ld. tpNrl Njitfspw;F kl;LNk 

Nkhl;lhu; tz;bfSk;> Nkhl;lhu; fhu;fSk; 

gad;gLj;jg;gl;ld. ,jdhy; jdp xU kdpjdhy; 

#oYf;F ntspNaw;wg;gLk; fhgdpd; msT kpff; 

FiwthfNt fhzg;gl;lJ.

etPdAfj;jpy; Fiwe;j fhyj;jpy; mjpf 

tpisr;riy Nehf;fpajhfNt tptrhaKiwfs; 

fhzg;gLfpd;wd. vdpDk; gz;ila fhyj;jpNy 

tpisr;riy tplTk; mg;gpuNjrj;jpw;F cfe;j 

gapupdq;fNs mjpfk; gad;gLj;jg;gl;ld. ,tw;wpd; 

tpisr;ry; xg;gPl;lstpy; Fiwthff;fhzg;gl;lhYk; 

mtw;wpd; tpidj;jpwd; mjpfkhfNt fhzg;gl;lJ. 

mjhtJ Fiwe;jstpyhd ePu;> gris vd;gd 

,tw;wpw;F NghJkhdjhff; fhzg;gl;lJld; 

,it fhyepiy khw;wk;> ctu;j;jd;ikahd kz; 

vd;gtw;iw jhq;fpf;nfhs;sf;$badthf ,Ue;jd. 

jw;fhyj;jpy; Foha;f;fpzWfNs mjpfstpy; 

gad;dLj;jg;gLtJld; tY$ba 

Nkhl;lu;fisg;gad;gLj;jp epyj;jbePuhdJ 

mjpfstpy; cwpQ;rg;gLfpd;wJ. ,itAk; 

epyj;jbePu;kl;lk; Fiwtiljy;> ePu; 

ctu;j;jd;ikahjy; vd;gtw;wpw;F Kf;fpa 

fhuzpfshFk;. vdpDk; Kw;fhyj;jpNy 

Fsha;f;fpzWfSf;Fg;gjpyhf Njhz;lg;gl;l 

fhyepiykhw;wKk; mjw;fhd rpy gz;ilafhyj;J jPu;TfSk;
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fpzWfNs mjpfk; gad;dLj;jg;gl;ld. mj;Jld; 

ePu;g;ghrdj;jpw;Fk; Nkhl;lu;fSf;Fg;gjpyhf 

fg;gpfSk;> Jyhf;fSNk mjpfstpy; 

gad;gLj;jg;gl;ld. ,tw;wpdhy; mjpfsthd 

epyj;jb ePu; cwpQ;Rif jLf;fg;gLtJld;> 

,jd;fhuzkhf fly;ePupd; (ctu; ePu;) cs;Nehf;fpa 

tUifAk; jLf;fg;gLfpd;wJ.

,tw;iwtpl jpz;kf;fopTfs; jw;fhyj;jpy; xU 

ngUk;gpur;ridahff;fhzg;gLfpd;wJ. Fg;ig 

NkLfspypUe;J #oYf;F ntspNaw;wg;gLk; 

nkNjd; Nghd;w thAf;fspd; msthdJ 

fhy;eilg;gz;izfspypUe;J ntsptUk; 

thAf;fspd; msittpl kpfTk; mjpfkhFk;.  

vdpDk; Kw;fhyj;jpNy tPl;bypUe;J #oYf;F 

ntspaplg;gLk; fopTfspd; msT kpfTk; 

FiwthfNt fhzg;gl;lJ. nghypj;jPd;> 

gpsh];upf;fpd; ghtid kpff;FiwthfNt 

,Ue;jJ. ghtidapypUe;j nghUl;fSk; 

mjpfKiw kPs;Row;rpf;Fl;gLj;jg;gl;ld. mj;Jld; 

czTf;fopTfs;> jhtug;gFjpfs; vd;gd ngUkstpy; 

$l;Lg;gris jahupg;gpy; gad;gLj;jg;gl;ld. ,it 

tptrhaepyq;fSf;Fk;> tPl;Lj;Njhl;lj;jpw;Fk; 

cukhfg;gad;gLj;jg;gl;ld. ,t; Nrjdg;grisfs; 

kz;zpd; jd;ikia Ngz cjTtJld; 

kz;zpy; ePu; epiyj;J epw;fTk; cjTfpd;wd. 

mj;Jld; tptrhaj;jpy; $ba re;ju;g;gq;fspy; 

Nrjdg;grisfSk;> ,aw;ifg;gPilnfhy;ypfSk; 

gad;dLj;jg;gl;likahy; mtw;why; Vw;gLj;jg;gLk; 

gf;ftpisTfSk; FiwthfNt fhzg;gl;ld.

ePu; Kfhikj;Jtk; vd;gJ Guhjd fhyj;jpNy 

kpfr;rpwg;ghfNt fhzg;gl;lJ. Fsq;fs; rpwg;ghf 

guhkupf;fg;gl;ld. ,jd;fhuzkhf Nkyjpf 

kioePu; fliyr;nrd;wiltJ jLf;fg;gl;lJld; 

nts;sg;ngUf;F Vw;gLtJk; ngUkstpy; 

jtpu;f;fg;gl;lJ. ,jdhy; Nfhil fhyq;fspy; 

ePUf;fhd jl;Lg;ghL Fiwf;fg;gl;lJld; 

epyj;jb ePu; tsKk; ctu;j;jd;ikahfhJ 

ghJfhf;fg;gl;lJ. mj;Jld; vspikahf tbfl;b> 

(Jzp Nghd;wtw;iwg;gad;gLj;jp) tPl;Lkl;lj;jpy; 

gPypfisg;gad;gLj;jpAk; jpwe;j ntspapYk; 

kioePuhdJ Nrkpf;fg;gl;lJ. ,JNghd;w 

eltbf;iffshy; fhyepiy khw;wj;jpd; ePupd; 

kPjhd gy vjpu;kiwahd tpisTfs; ngUkstpy; 

Fiwf;fg;gl;ld. 

,Jjtpu tPLfs; mikf;fg;gLk; NghJ fhyepiy 

khw;wj;jhy; Vw;gLk; tpisTfs; mjpfstpy; 

fUj;jpy; nfhs;sg;gl;Nl tPLfs; mikf;fg;gl;ld. 

mNdfkhd tPLfs; fpof;F Nehf;fpNa 

mikf;fg;gl;bUe;jd. ,jdhy; fhiyapy; 

ntg;gepiy Fiwe;j #upa xsp tPl;bDs; nrd;whYk; 

kjpa Neuj;jpy; Neuj;jpy; ntg;gepiy $ba fjpu;fs; 

cl;nry;tJ jLf;fg;gl;lJ. mj;Jld; ntg;g mupjpw; 

flj;jpfshd Rz;zhk;Gf;fw;fSk;> kzw;fw;fSk; 

tPlikg;gpd;NghJ gad;dLj;jg;gl;ld. ,it 

tPl;bDs;Ns Fspu;r;rpahd ntg;gepiyiag;Ngz 

cjtpd. 

njhopy;El;g tsu;r;rpAk; efukakhf;fYk; epiwe;j 

,f;fhyg;gFjpapy; fhyepiykhw;wj;jpw;nfjpuhd 

jPu;thf gy tpilaq;fs; Kd;itf;fg;gl;lhYk; 

jw;NghJs;s njhopy;El;gk; kw;Wk; epjpf;fg;ghw;gl;l 

jPu;TfNs ,d;Dk; Njitg;gLfpd;wd. vdNt 

ek; Kd;Ndhu;fSila ey;nyz;zq;fisAk;> 

nraw;ghLfisAk; gpd;gw;wp Gjpa cw;rhfj;NjhL 

eilKiwg;gLj;jNtz;ba fhykpJ.
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tPl;L guhkupg;Gfspy; J}a fhw;Wk; 

MNuhf;fpa tho;Tk;
(Clean air in homes will ensure a healthy life)

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

•	 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. 

Sivakumar Myilvaganam
Central Environment Authority
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jPtpu mgptpUj;jp eltbf;iffspdhy; cyfpy; tsp 

khriljy; njhlHe;J mjpfupj;JtUk; Nghf;fhf 

mwpf;ifaplg;gl;Ls;sJld; tspkz;lyj;jpw;F 

tplg;gLk; ntsptpLiffis fl;LgLj;JtJ kf;fis 

cyfshtpa uPjpapy; fz;jpwf;fr; nra;JtUfpd;wJ.  

fle;j jrhg;jq;fspy; tsp khriljYf;F vjpuhf 

cyfshtpa uPjpapy; nraw;gl gy ehLfSk; 

rHtNjr epWtdq;fSk; jdpg;gl;l Kiwapd; 

gy xg;ge;jq;fisAk;> cld;gbf;iffisAk;> 

xOq;FtpjpfisAk; cUthf;f eltbf;iffis 

vLj;Js;sd.Rw;Wg;Gw tspapd; juk; vd;gJ 

mjd; Kf;fpak; kw;Wk; cs;shHe;jjd;ikia 

fUj;jpw;nfhs;shJ iftplg;gl;l epiyikapy; 

fhzg;gLtJld; cyfshtpa uPjpapy; tspj;ju 

Kfhikj;Jt Ntiyj;jpl;lj;jpy; Rw;Wg;Gw 

tspj;ju Kfhikj;Jtk; xU Kf;fpa mk;rkhf 

fUjg;gLfpd;wJ.  rkfhy tpQ;Qhd mwpT 

czHj;jpathW Rw;Wg;Gw tspj;juj;ij tpl 

nfl;l cl;Gwf; fhw;wpd; cs;thq;Fifapdhy; 

kf;fs; mjpfkhfg; ghjpf;fg;gLfpd;wdH 

mj;Jld; cyfshtpa uPjpapy; neUf;fbahd 

efuf;FbapUg;Gfspy; ,t; epiyik tpUk;gj;jfhj 

kl;lj;jpy; fhzg;gLfpd;wJ.

etPd fl;Lkhd fl;blf;fiy fl;llq;fspd; 

rf;jp tpidj;jpwidAk; mjd; $WfisAk; 

cr;r;rg;gLj;Jtjpy; mjpf ftdk; 

nrYj;jpte;Js;sJld; ,J fl;blq;fSs; 

Rthj;jpakhd ntg;gepiy kw;Wk; <ug;gjid 

mspf;Fk; nrhFRj;jd;ikiaa toq;f 

fhtyplg;gl;l fl;blq;fis tbtikg;gjpy; ftdk; 

nrYj;jj; jtwtpy;iy.  ,t; Kaw;rpfspdhy; 

fl;blq;fspDs; Gjpa fhw;W cl;GFk; msTk; 

nfl;l fhw;W ntspapy; nry;Yk; msTk; 

Fiwe;J Rthj;jpakhd fhw;Wr; Rw;Nwhl;lk; 

ghjpg;gilfpd;wJ.
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nghJthf Rw;Wg;Gwf; fhw;iw tpl  cl;Gwf; 

fhw;iw ehk; $Ljyhf Rthrpg;gjhy; kdpjtho;tpd; 

juj;ij mila cl;Gwf; fhw;W khirjiy 

xopf;Fk; topKiwfis cs;slf;fpajhd  

cl;Gw tspj;juk; mjd; khriljy; jd;ik 

kw;Wk; nfl;l cl;Gw tspj;juj;jpdhy; Vw;gLk; 

Rfhjhug; ghjpg;Gf;fs; tplakhd g+uz mwpit 

ehk; nfhz;bUj;jy;  mtrpak;.

cl;Gw tspj;juk; vd;gJ tPLfs;> fl;blq;fs; kw;Wk; 

Kiwaw;w tpjkhf fhw;W}l;lg;gl;l gpuNjrq;fs; 

kw;Wk; tPLfspd; gLf;ifaiw njhlf;fk; thfd 

jupg;gplq;fs;  tiu kw;Wk; mYtyq;fspd; 

epakpf;fg;gl;l gpuNjrq;fs; njhlf;fk; thfd 

jupg;gplq;fs; tiu rfy gFjpfSf;Fs; fhzg;gLk; 

fhw;wpd; juk; MFk;.  cl;Gw tsp khriljy; 

vd;gJ ,urhad> ngsjPf kw;Wk; capupaw; 

fhuzq;fspdhy; tsp khrhf;fpfs; cl;Gwj;jpy; 

NrHtjidf; Fwpf;Fk;.  capH vupnghUl;fspd; 

jfdj;jpd;NghJ tplg;gLk; ntsptpLiffs;> 

Gifj;jypd;NghJ ntsptplg;gLk; ,urhadq;fSk; 

Giff;fupAk;  kw;Wk; ry;gH ilXl;irl;> fhHgd; 

nkhNdhXl;irl;> NghHky;bi`l;>Nuld;> Nrjd 

Mtpfs;> g+Q;rzk;> gf;Bupah kw;Wk; m];ng];u]; 

,iofs; vd;gd cl;Gw tsp khriljiyj; 

Njhw;Wtpf;Fk; ,urhadq;fs; kw;Wk; khrhf;fpfs;vd 

milahsg;gLj;jg;gl;Ls;sJ.

ngUk;ghyhd cl;Gwr; Rw;whlypy; xd;Wf;F 

Nkw;gl;l tsp khrhf;fpfs; cs;sjhy; me;j 

cl;Gwr; Rw;whlypy;; cs;thq;Fiff;F VNjDk; 

Ml;fs; cl;gLk;NghJ mJmtHfspy; Rfhjhug; 

ghjpg;Gf;fis cUthf;Fk; kw;Wk; rpyNtisfspy; 

khrhf;fpfspd; tif kw;Wk; nrwpT fhuzkhf 

rpf;fyhd Rfhjhu epiyikfs; Vw;gLtjw;fhd 

rhj;jpaq;fs; fhzg;gLfpd;wJ.jpUg;jpaw;w cl;Gw 

tspj;juj;ijf; nfhz;l tPLfs; kw;Wk; fl;blq;fspy; 

thOk; kf;fsplk; Ml;fspd; ,dg;ngUf;ff;jpwid 

rpijf;Fk; "Neha;f; fl;bl mwpFwpapdhy;" kf;fs; 

mtjpAWfpd;wdH. cyf Rfhjhu ];jhgdj;jpd; 

Gs;sptpguj;jpd;gb cyfj;jpy; jPq;fhd cl;Gw 

tspj;juj;jpd; fhuzj;jpdhy; mz;zsthf 3.8 

kpy;ypad; kf;fs; nrd;w tUlj;Js; ,we;Js;sJld; 

,jdhy;,yq;ifapy; nrd;w tUlj;Js; 4,300 
,wg;Gf;fs; gjpthfpAs;sJ.

gy cl;Gw tsp khrhf;fpfspdhy; Vw;gLk; 

Kf;fpa jhf;fq;fs; kw;Wk; ghjpg;Gf;fs; gw;wp fPNo 

tpgupf;fg;gl;Ls;sJ.

1.	 Gif

cyf Rfhjhu ];jhgdj;jpd; juTfspd;gb cyfpy; 

3 gpy;ypad; kf;fs; mjhtJ cyf rdj;njhifapd; 

miuthrpapdH rikj;jYf;F kw;Wk; tPLfis 

#Nlw;w gpujhd capHj;jpzpTfshd ckp> kuj;J}

s; kw;Wk; kuf;fupia vupnghUshfg; ghtpj;J 

jq;fsJ rhjhuzkhd rikj;jy; kw;Wk; tPLfisr; 

#Nlw;Wk; eltbf;iffis g+Hj;jp nra;fpd;wdH.  

cyf mstpYk; ,yq;ifapYk; tpidj;jpwdw;w 

rhjhuz mLg;Gfs; cl;Gw tsp khriljYf;fhd 

xU gpujhdkhd %ykhf fhzg;gLfpd;wJ.  

ehLfs; NjhWk; 78% ,w;F Nkw;gl;l FLk;gq;fs; 

capHj;jpzpthd tpwifg; ghtpj;J vupg;gJld; 

,tw;wpy; 84% Md FLk;gq;fs; fpuhkg;GwkhfTk;34% 

Md FLk;gq;fs; efug;GwkhfTk; fhzg;gLfpd;wJ.

mz;zsthf 65% Md rikayLg;Gfs; tPl;bd; 

cl;Gwj;jpy; mikf;fg;gl;bUg;gJld; 9% Mdit 

rikaYf;F epakpf;fg;gl;l gpuNjrj;jpNyh 

my;yJ fl;blj;jpNyh mikf;fg;gLs;sjhy; 

gutyhf rikayiwapDs; Vw;gLk; tsp 

khriljypd; ghjpg;GfSf;F ,y;yj;jurpfs;> 

rpWtHfs;> KjpNahHfs; vd;gdH gypahfpd;wdH.

cl;Gw tsp khriljypd; jPtpuj;ijf; 

Fiwf;f nghJthf 72% Md rikayLg;Gfs; 

GifNghf;fpAld; njhLf;fg;gl;Ls;sJ.gy 

tPLfspy; ,y;yj;jurpfs; ,yFtpy; gw;wf;$ba 

kz;nzz;nza;> nghypj;jPd; kw;Wk; gpsh];bf; 

nghUl;fis neUg;G gw;witf;f gad;gLj;Jtjhy; 

cl;Gw tspj;juk; ntFthf nfLfpd;wJ.,jd; 

Gifapy; rpwpa er;Rj; gjhHj;jq;fshd fhHgd; 

nkhNdhXl;irl;> iejurd; Xl;irl;> ry;gH 

ilXl;irl;>NghHky;bi`l;>ilnahf;rpd; kw;Wk; 

gpANuhd; Nghd;wtw;wpd; cs;thq;Fifapdhy;; kdpj 

Rfhjhuk; ghjpg;gilAk;.gpe;jpa Ma;twpf;ifapd;gb 

xU tpwF mLg;gq;fiuapypUe;J ntsptplg;gLk; 

Gifapd; jhf;fk; 75 njhlf;fk; 150 tiuapyhd 

rpful;Lf;fspd; jhf;fj;jpw;Fr; rkdhFk;.

Nkyjpfkhf Esk;Gr;RUis gw;witj;jy; 

cl;Gw tspkhriljypy; ghupasT gq;fspg;gpid 

toq;Ffpd;wJ. kUj;Jt epGzHfspd; Ma;tpd;gb 

xU Esk;Gr;RUis vupg;gjhy; Vw;gLk; tsp 

khrhf;fy; 135 rpful;Lf;fisg; gw;witg;gjhy; 

Vw;gLk; tsp khrhf;fYf;Fr; rkdhFk;.mNjNghd;W 

CJgj;jp> rhk;gpuhzp vd;gdtw;iw gw;witg;gjhy; 

cl;Gw tsp khriljy; Vw;gLfpd;wJ.  gpe;jpa 

Gs;sptpgu mwpf;ifapd;gb ,yq;ifapy; 

Esk;Gr;RUspd; khjhe;j tpw;gid 6 kpy;ypad; 

tPl;L guhkupg;Gfspy; J}a fhw;Wk; MNuhf;fpa tho;Tk;
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&gh kw;Wk; CJgj;jpfspd; khjhe;j tpw;gid 30 

kpy;ypad; &gh MFk;.

tPLfSf;Fs;Nsh my;yJ mYtyf 

tsTfspNyh Kidtw;w Gifgpbj;jypdhy; 

Gifia cs;thq;FdHfs; ahUkpy;yhtpbDk; 

Gifj;jypdhy; cl;Gw tsp khriljy; 

Vw;gLfpd;wJ.  Ma;thsupd; fUj;Jg;gb 

rpful; Gifapy; 39 tifahd khrhf;fpfs; 

fhzg;gLtjhfTk; ,it kdpj Rfhjhuj;ijg; 

ghjpg;gJld; xU rpful;bypUe;J 5 l;upy;ypad; (5 

X 1012) Ez;Jzpf;iffs; ntsptplg;gLtJld; 

,jpy; 5µg msT nghypirf;fpspf; mNuhkw;wpf; 

IjNuhfhHgd; cl;Gw tspf;F tplg;gLfpd;wJ.,t; 

Ez;Jzpf;iffs; 81% Md caHe;j tPjj;ijf; 

nfhz;Ls;sJ.nraypYs;s Gifgpbj;jy; Nghd;Nw 

Kidtw;w Gif cs;thq;FifAk; ,ja kw;Wk; 

Rthrg;igg; Gw;W Neha;fSf;F fhuzkhfpd;wJ.

tpwfLg;G kw;Wk; rpful; vd;gtw;wpd; Fbkid jfdr; 

nrad;Kiwapd; jfd ntg;gepiy xg;gPl;lstpy; 

FiwT Mifahy; xg;gPl;lstpy; Fiwe;j 

msTNOXcUthf;fg;gLfpd;wJ.xg;g Pl ;lstpy; 

mjpfmstpyhdnghypirf;fpspf; mNuhkw;wpf; 

IjNuhfhHgd; Gifapiyg; Gif kw;Wk; tpwfLg;gpy; 

ntsptplg;gLk; Gifapd; jpz;kg; gjhHj;jq;fspy; 

fhzg;gLtJld; ,tw;Ws; ehg;jyPd;> me;urpd;> 

ngde;jpupd; vd;gd Gw;WNehaia cUthtijj; 

J}z;Lgit MFk;. Gif %r;Rf;Foha; vupr;ry;> 

tPf;fk; kw;Wk; njhLf;fg;gl;l ,ioaq;fs; 

jbg;ghjy;> tLthFjy; (Fibrosis) vd;gtw;iw 

Njhw;Wtpg;gJld; ,J %r;Rj;jpzwy;> mjpfupj;j 

M];j;kh> fl;Giu> Rthrj;njhw;W kw;Wk; ehs;gl;l 

EiuaPuy; milg;G Neha; (COPD) vd;gdtw;wpw;F 
toptFf;Fk;.

2.	 Nuld; thA (Rn)

Nuld; (Rn, Z = 86) vd;gJ Nubak; (Ra, Z = 
88) ,d; rpijtpdhy; cUthFk; cd;djkhd 

epwkw;w thA MFk;.Nuldpy; ,UgJ tifapyhd 

rkjhdpfs; fhzg;gLtJld; ,J fjpupaf;fj;ij 

Vw;gLj;Jgit ,tw;wpd; α rpijtpdhy; 

nghnyhdpak; cUthf;fg;gl;L ,Wjpapy; <akhf 

khWk;.

Nuld; jhf;fkilahj kw;Wk; Kidtw;w thA 

Mifahy; ehk; cs;spOf;Fk;NghJ EiuaPuypy; 

rpf;fhJ.  Nuld; kw;Wk; ,jd; kfs; cw;gj;jpfs; 

,uz;ilAk; cs;spOf;Fk;NghJ gpupifaile;J 

α Jfs;fis tpLtpg;gJld; EiuaPuypd; jz;L 

capuZf;fSld; njhlHGgl;L Gw;WNehiaj; 

Njhw;Wtpf;Fk;.

Nuldpd; gpujhd %yq;fs; tPLfspYs;s fdpkq;fs; 

kw;Wk; fl;Lkhdq;fSf;F gad;gLj;jg;gLk; fdpk 

cw;gj;jpfshd kz; kw;Wk; fUq;fy; MFk;.  

midj;J kz; kw;Wk; fUq;fy;ypy; fps;SksT 

Nubak; fhzg;gLtJld; ,J rpije;J Nuld; 

tspkz;lyj;jpw;F ntsptplg;gLfpd;wJ.Nuldpd; 

mLj;j gpujhd %yk; epyj;jb ePH> ,J rpW 

msT ANudpak;(U, Z = 92)> Njhupak;(Th, Z = 
90)> Nubak;(Ra, Z = 88) vd;gdtw;iwf; nfhz;l 

epyj;jbg;ghiwfspd; rkepiyg;gLj;jypdhy; 

cUthdJ. epyj;jbg;ghiwfspd; 

rkepiyg;gLj;jypdhy; ePUf;F rpW msT Nubak; 

NrHfpd;wJ.

3.	 NghHky;bi`l;

NghHky;bi`l; If; nfhz;bUf;Fk; gprpd;fs; 

xl;Lg;gyif> Jfs;g;gyif kw;Wk; fz;zhb 

,io fhtypj; jahupg;Gfspy; mjpfk; 

gad;gLj;jg;gLfpd;wd.,jd; ghuk; Fiwe;j 

jd;ikapdhy; ,yTfhff; ifahsyhk; vd;gjdhy; 

,J tPl;L kw;Wk; mYtyff; fl;Lkhdq;fs;> 

fhtypg;gLj;jy; kw;Wk; cl;Gwr; Rw;whlypy; 

gutyhf gad;gLj;jg;gl;LtUfpd;wJ.gy;gFjpak; 

ePNuw;wg;gLk;NghJ RahjPdNghHky;bi`l; 

ntsptplg;gLk; vd;gJld; ePNuw;Wk; nrad;Kiwia 

mkpyj;jd;ik kw;Wk; <ug;gjd; Jupjg;gLj;Jk;.

NghHky;bi`l;thA vupr;rY}

l;Lk; kzj;jpid nfhz;bUg;gJld; 

NghHky;bi`l;cs;thq;Fifapd; mwpFwp 

Fzhjprpaq;fshf maHT> Fkl;ly; kw;Wk; jiyapb> 

Rthrf; FiwghL vd;gtw;iwf; nfhs;syhk;.,jd; 

nrwpitAk; vjpHkiwg; ghjpg;Gf;fisAk; Fiwf;f 

rpwe;j nrad;Kiwfshf fUjg;gLtJ mjpf 

fhw;Nwhl;lKk; kw;Wk; fhw;Wr; Row;rpAk; MFk;.

4.	 fhHgd; ilXl;irl;

fhHgd; ilXl;irl; vd;gJ tsp khrhf;fpahf my;yJ 

jPq;F tpistpf;Fk; thAthf fUjg;glhtpbDk; 

,jd; mjpf nrwpT cs;thq;Fif %r;Rj;jpzwiy 

Vw;gLj;Jk;.fhw;Wg;Gfhj fl;blq;fspy; Ntiy 

nra;Ak; njhopyhsHfs; mbf;fb jq;fSf;F 

NrhHT kw;Wk; ftdk; nrYj;j ,ayhik Nghd;w 

mwpFwpfs; Vw;gLtjhf GfhH nra;fpd;wdH 

vdpDk; fhw;Nwhl;l tPjj;ij mjpfupj;jy;  kw;Wk; 

Gjpa fhw;iw csthq;Ftjhy; ,t; mwpFwp 

FiwtilAk;.



82

5.	 fhHgd; nkhNdhXl;irl;

fhHgd; nkhNdhXl;irl; vd;gJ Fiwe;j nrwptpy;jPq;F 

tpistpf;Fk; thA,jd;fhuzk; ,JFUjpr; nrq;fy 

<NkhFNshgpDld; kPshj;jd;ikahf jhf;fk;Gupe;J 

fhHnghf;rp<NkhFNshgpidj; Njhw;Wtpg;gjhy; 

nrq;fy <NkhFNshgpid Fiwtilar; nra;fpd;wJ.

Xl;rprDf;Fk;<NkhFNshgpDf;Fk;,ilapyhd 

gpizg;gpd; gyj;ijtpl ,g; gpizg;G 200 ~ 300 

klq;F gykhdJ.,J <NkhFNshgpd;, xl;rprd; 

vLj;Jf;nfhs;tjpid jLf;Fk;.Ma;thsHfspd; 

fz;Lgpbg;Gfspd;gb ,t; thAtpd; 10 ppmv 
nrwpT ruhrup kdpjdpd; <NkhFNshgpdpy; 2% 
Inraypof;fr;nra;Ak;, ,jd; 100 ppmv nrwpT; 

15% ,id nraypof;fr;nra;Ak;. ,Nyrhd 

fhHgd; nkhNdhXl;irl;nrwpTeQ;#l;jypdhy; 

Vw;gLk;  mwpFwpfs; jiytyp> NrhHT kw;Wk; 

Fiwe;j crhHj;jd;ik MFk;, mjpffhHgd; 

nkhNdhXl;irl;nrwptpd; cs;thq;Fifapdhy; 

Ms; ,wf;fyhk;.

tof;fkhd khjpupapyhd kz;nzz;nza; 

kw;Wk; tpwfLg;Gfs;> Esk;Gr;RUs;fs; kw;Wk; 

CJgj;jpfis gw;witj;jy; kw;Wk; Gifgpbj;jy; 

vd;gd fhHgd; nkhNdhXl;irl;il gpwg;gpf;Fk; 

cl;Gw %yq;fshff; fUjg;gLtJld; tPLfSld; 

,izf;fg;gl;Ls;s thfdj; jupg;gplq;fspy; 

epWj;jg;gl;l ,ae;jpuq;fSk; ,t; thAit 

tpLtpf;fpd;wJ.  caHe;j njhlH khbf;fl;blq;fs; 

kw;Wk; mYtyfj;njhFjpfspd; mbj;jsj;jpy; 

ghupa thfd jupg;gplq;fs; fhzg;gLtJld; 

,tw;wpy; fhw;Nwhl;lk; eyptile;Js;sJld; 

fhw;Wr; Ror;rp mstplg;gLtjpy;iy vdNt 

,tw;wpdhy; mUfhikapYs;s gpuNjrj;jpy; 

thOk; kf;fSf;Fk; md;whl mYty;fSf;F 

tUk; kf;fSf;Fk; mnrsfupaq;fs; Vw;gLfpd;wJ.  

NkYk;  mtrpak; Vw;gLk;NghJ kpd;rhuj;ijg;ngw 

tPLfSf;Fs;Sk; fl;blq;fSf;Fs;Sk; kpd; 

gpwg;ghf;fpfs; ];jhgpf;fg;gl;Ls;sJld; ,tw;wpd; 

Gifapy; fhzg;gLk; fhHgd; nkhNdhXl;irl;il 

Rthrpg;gjhy; kuzq;fs; rk;gtpf;fyhk;.

6.	 vspjpy; Mtpahff;$ba Nrjdg; 
NrHitfs; (VOC)

vspjpy; Mtpahff;$ba Nrjdg; NrHitfs; 

(VOC) vd;gJ jpz;k kw;Wk; jput tbtpyhd 

ntsptplg;gLk; jPo;g;Gf;fs;> ,it FWfpafhy 

kw;Wk; ePz;lfhy jPq;fhd Rfhjhug; ghjpg;Gf;fis 

cUthf;Fk;.  VOC MdJ jPe;ijfs; 

kw;Wk; muf;Ffs; (lacquers)> Rj;jk; nra;Ak; 

nghUl;fs; (cleaning supplies)> g+r;rpehrpdpfs;> 

fl;blg;nghUl;fs; kw;Wk; myq;fhuq;fs; kw;Wk; 

mr;R ,ae;jpuk;(printers)> efyp(copiers)> mopf;Fk; 

jputk;(correction fluids)> Jg;guT nra;Ak; 

nghUl;fs;(detergents)> thrida+l;bfs;(perfume)> 

girfs;(glues)> gprpd;fs; (adhesives) Nghd;w 

mYtyf cgfuzq;fs; Kjypa gyjug;gl;l 

jahupg;GfspypUe;J ntsptplg;gLfpd;wJ.tpNrlkhf 

Gjpjhf fl;lg;gl;l fl;blq;fspy; fl;blg;nghUl;fs; 

,urhaduPjpapy; rpijtiltjpdhy; mjpfsT 

vspjpy; Mtpahff;$ba Nrjdg; NrHitfs; (VOC) 
ntsptplg;gLtjhf mwpf;ifaplg;gl;Ls;sJ.

7.	 Nkhy;l; kw;Wk; xt;thik my;fh 
(Molds and Allergens Algae)

<uypg;ghd Nkw;gug;G nfhz;l tskhd gFjpapy; 

Nkhy;l; FOkf;$l;lk; tpUj;jpahtJld; ,J 

capH-,urhad kw;Wk; ,aw;ifg; gjhHj;jq;fis 

Njhw;Wtpj;J tspf;F tpLtpf;fg;gLfpd;wJ.  

cfe;j <uypg;ghd epiyikfspd; fPo; g+Q;rzk; 

tsHtJld; ,J cl;Gw tsp khriljiy 

Vw;gLj;Jfpd;wJ. Fspayiw> ePH toq;fy; 

njhFjpapd; ePHf;frpT ,lq;fs; Nghd;w ePHgpbg;ghd 

,lq;fs; tPLfs; kw;Wk; fl;blq;fSf;Fs; 

fhzg;gLtjhy; ,J Nkhy;l; kw;Wk; my;fhf;fs; 

tsu cfe;j <uypg;G epiyikfis toq;FtJld; 

Fiwe;j fhw;Nwhl;lk; kw;Wk; fhw;Wr; Ror;rp cs;s 

epiyikfspy; ,tw;wpd; tsHr;rp mgupkpjkhdJ.  

<uypg;ghd Nkw;gug;Gfspy; g+Q;rzk; tsHtJld; 

,J xt;thikj; Jfs;fisAk; tpj;jpfisAk; 

(c+k;: m];ngH[py];) gug;Gk;. ,aw;ifahf 

cl;Gw tspapd; juj;ij ghjpf;Fk; tplakhf 

nry;yg;gpuhzpfspd; kapUk; g+e;JzHfspy; 

kfue;jq;fSk; EiuaPuYf;Fs; cl;GFe;J M];j;kh 

kw;Wk; xt;thik Nghd;w Neha;fs; Vw;gLtjpidf; 

Fwpg;gplyhk;.

8.	 m];ng];u]; ,io

m];ng];u]; vd;gJ ,aw;ifahff; fhzg;gLk; 

fdpkk;> vdpDk; ,J $iuj; jfLfs; cl;gl 

gyjug;gl;l cw;gj;jpfSf;F %yg;nghUshf 

gad;gLj;jg;gLfpd;wJ. m];ng];u]; cw;gj;jpfis 

ntl;Lk;NghJ> miuf;Fk;NghJ my;yJ 

JisapLk;NghJ kw;Wk; ,it ngsjPf kw;Wk; 

,urhadj; jhf;fq;fspdhy; rpijtilAk; NghJ 

kpf EZf;fkhd m];ng];u]; ,iofs; cl;Gw 

tspf;F tpLtpf;fg;gLfpd;wJ. m];ng];u]; ,y; 

gy khw;Wtiffs; fhzg;gLtJld; "NrHngd;iud;" 

vd;gJ nghJthfg; gad;gLj;jg;gLfpd;wJ. 

tPl;L guhkupg;Gfspy; J}a fhw;Wk; MNuhf;fpa tho;Tk;
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,J fw;iw tbtj;jpy; fhzg;gLtjpdhy; ehk; 

cs;spOf;f Kd;dH Nky; fhw;Wg;ghijapy; 

,ilkwpf;fg;gl;LtpLk;. "mk;gpNghy;" vd;gJ 

vd;ndhU m];ng];u]; tif> ,J kpfr;rpwpaJ 

Mifahy; cs;spOf;Fk;NghJ EiuaPuypw;Fs; 

Mokhf CLUTk;> ,jdhy; mghafukhd Rfhjhug; 

ghjpg;Gf;fs; cUthFk;. m];ng];u]; ,d; 

rfy tiffSk; Gw;WNehapid cz;Lgz;Zk; 

vd jw;Nghija etPd tpQ;Qhdk; $Wfpd;wJ> 

,jd;gb cs;spSg;GfspypUe;J 20 njhlf;fk; 

30 tiuapyhd Mz;Lfs; nrd;wgpd;dHjhd; 

Gw;WNehAf;fhd Kjy; mwpFwp Njhd;Wk;.

RUf;fkhff; $wpd; cl;Gw tsp khriljy; 

FWfpafhy ehl;gl;l ,ja Neha;fis 

Njhw;Wtpg;gJld; rpyNtisfspy; kuzq;fis 

tpistpf;Fk;.  cl;Gw tsp khrhf;fpfspd; 

cs;thq;Fifapdhy; nghJthf EiwaPuw; 

Gw;WNeha;> gf;fthjk;> fl;Giu> ryNuhfk;> 

ehl;gl;l kw;Wk; fLikahd Rthr Neha;fs; 

vd;gd Vw;gLfpd;wJ.  gpe;jpa Ma;twpf;ifapd;gb 

nfhy];l;uhy; ,dhy; Vw;gLk; Neha;j;jhf;fq;fis 

tpl cl;Gw tsp khriljypdhy; Vw;gLk; 

Neha;j;jhf;fq;fs; rpf;fyhdJ> jPtpukhdJ. 

Fiwepiwg; gpwg;Gf;fs;> rpR ,wg;Gf;fs;> M];j;kh 

kw;Wk; tha;g; Gw;WNeha; vd;gd cl;Gw tsp 

khriljypd; nghJthd tpisTfs; MFk;.

cl;Gw tsp khriljiy Kfhikj;Jtg;gLj;jy;

jPq;fhd thfd ntspNaw;w ckpo;Tfs; kw;Wk; 

GifNghf;fpfspypUe;J ntsptplg;gl;L thdj;ij 

Kl;Lk;> ,yFtpy; ghHf;ff;$ba ckpo;Tfs; 

vd;gd tspkz;ly tsp khriljYf;F gpujhd 

gq;fhspfs; MfNt cl;Gw tsp khriljYld; 

xg;gpl;Lg;ghHf;fg;gbd; khj;jpuk; tspkz;ly tsp 

khriljypd; Kf;fpak; ,dq;fhzg;gLtJld; 

,tw;wpd; jPq;fhd tpisTfs; FWfpafhyj;jpDs; 

mDgtpf;fg;gLk;. vdpDk; cl;Gw tsp 

khriljypid ,yFthf jPHkhdpf;f KbahJ 

mj;Jld; ePz;lfhyj;jpd; gpd;dHjhd; ,jd; 

jPq;fhd ghjpg;Gf;fs; cUthf Muk;gpf;Fk;. nrhe;j 

tPLfspy; ePq;fs; $bthOk;NghJ cl;Gw tsp 

khriljy; vd;gJ xU mikjpf; nfhiyfhud; 

Mf fUjg;gLfpd;wJ.  mfNt cl;Gw tsp 

khriljypid Kfhikj;Jtk; nra;tJ vd;gJ 

kpfTk; mtrpakhd mtrukhd Njitahf 

tpsq;Ffpd;wJ.

cl;Gw tspapd; juj;ij Kfhikj;Jtk; 

nra;a rpwe;j kw;Wk; ,yFthd nrad;Kiw 

fl;blq;fspd; fhw;Nwhl;lj;ijAk;> fhw;Wr; 

Ror;rpiaAk; Nkk;gLj;jy; MFk;> ,jd; gaDs;s 

KbTfis mila ,it fl;bl tbtikj;jy; 

epiyapy; cs;thq;fg;gl Ntz;Lk;.ed;whf 

cs;sf tsp Rw;wpr;nry;Yk; NghJ Gjpa tspapd; 

cl;GFifapdhy; tPLfSf;Fs; fhzg;gLk; cl;Gw 

khrhf;fpfspd; nrwpT ntspNa mbj;Jr;nry;yg;gLk;> 

,J Rfhjhug; ghjpg;Gf;fisAk; r%f rHr;irfis 

Kfhikg;gLj;j toptFf;Fk;.fhw;Nwhl;lKs;s 

,lq;fspy; NghJkhd fhw;Wr; Ror;rpAld; 

mLg;Gfis ];jhgpg;gjpdhYk; tpidj;jpwdw;w 

rikay; mLg;Gfis tpidj;jpwdhf 

khw;WtjpdhYk; rikaypd;NghJ Vw;gLk; cl;Gw 

tspj;ju gpur;ridfis fl;Lg;gLj;jyhk;. 

VNjDk; gl;rj;jpy; rikay; tPLfSf;Fs; nra;a 

Ntz;bapUg;gpd; Nghjpa fhw;Nwhl;lj;ijg; Ngz 

rikayiwapy; Nghjpa ad;dy;fs; my;yJ 

jpwe;j gFjp fhzg;glNtz;Lk; mj;Jld; ,it 

rikaypd;NghJ  jpwe;jpUj;jy; Ntz;Lk;.  

Rw;Wg;Gw tsp khrhf;fypid Fiwf;Fk; 

tz;zk; cl;Gw tspj;juj;ij guhkupf;f etPd 

tPLfspy; rikayLg;GfspypUe;J ntsptplg;gLk; 

ckpo;Tfis Rj;jpfupf;f nraY}l;lg;gl;l fhHgd; 

tbfl;bfs; nghUj;jg;gLjy; rpwe;jJ.

mYtyff; fl;blq;fs; kw;Wk; nghJ ,lq;fspy; 

Gifgpbg;gjpdhy; jPq;fhd ghjpg;Gf;fs; 

Vw;gLtjpdhy; gy mgptpUj;jpaile;j ehLfspy; 

,J jilnraag;gLs;sJld; khRf;fl;Lg;ghL 

Kiwikfis> Gifgpbj;jYf;F mDkjpf;fg;gl;l 

,lq;fspy; ];jhgpj;J ,t;tplq;fspy; 

Gifgpbj;jYf;F tpyf;F mspf;fg;gl;Ls;sJ.

Gjpjhf epHkhzpf;fg;gl;l fl;blq;fs; kw;Wk; 

Gjpa jsghlq;fs;> cgfuzq;fisf; nfhz;l 

fl;blq;fspDs; NghHky;bi`l; vd;w ahtUf;Fk; 

njupe;j cl;Gw tsp khrhf;fpapd; nrwpT 

mjpfkhf fhzg;gLtjpdhy; ,tw;iwj; jLf;f 

jug;gLj;jg;gl;l fl;blg;nghUl;fs; fl;Lkhd 

NtiyfSf;F gad;gLj;jg;gly; Ntz;Lk; 

mj;Jld; FbGf Kd;dH NghJkhd fhw;Nwhl;lk; 

toq;fg;gl;bUj;jy; Ntz;Lk;.

gy tifg;gl;l jhtu ,dq;fs; tsp khrf;fpfis 

mfj;JwpQ;rf; $bait vd;gjpid typAWj;j 

MHtkhAs;Nsd;> vdNt mtw;iw tPLfSf;Fs;Sk; 

my;yJ mYtyff; fl;blq;fSs;Sk; tsHg;gjhy; 

cl;Gw tspapd; juk; Nkk;gLk;.  gfw;nghOjpy; 

xspj;njhFg;gpd;NghJ fhHgd; ilXl;irl;bid 

mfj;JwpQ;rp Xl;rprid cs;sfr; Rw;whlYf;F 

tpLfpd;wJ.MfNt VNjDk; jhtuq;fs;  mtw;wpd; 

cs;shHe;jjd;ikahy; cs;sfr; Rw;whlypd; 

Sivakumar Myilvaganam
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juj;ij Xustpw;F caHj;j Mw;wy; gilj;jit, 

mj;Jld; ,it tPl;Lr; Rw;whlypd; Md;kPf 

jpUg;jpiaAk; ,dpikiaAk; ngUf;Ffpd;wJ.

kd jpUg;jpiaAk; tPl;L myq;fhuj;ijAk; tPl;Lr; 

Rw;whlypd; ,dpikiaAk; ngUf;f tsHf;f cfe;j 

gytifahd jhtu ,dq;fspd; nghJg;ngaH> 

tpQ;Qhdg;ngaH kw;Wk; tsp khrhf;fpfis 

mfj;JwpQ;Rk; jifikfs; fPNo fhl;lg;gl;Ls;sJ.

kfhtyp mgptpUj;jp kw;Wk; Rw;whly; mikr;R 

kw;Wk; kj;jpa Rw;whly; mjpfhurig ,yq;ifapy; 

cl;Gw tspj;juj;ij Kfhikg;gLj;j Ntz;bajd; 

tPl;L guhkupg;Gfspy; J}a fhw;Wk; MNuhf;fpa tho;Tk;

Njrpa Kf;fpaj;Jtj;ijAk; kw;Wk; fhy 

mtrpaj;ijAk; fUj;jpw;nfhz;L nfhs;if 

kw;Wk; topKiwfspd; njhFg;ig jahupf;f 

Muk;gpj;Js;sJ.

,yq;ifapy; tspj;juj;ij Kfhikj;Jtg;gLj;j 

kfhtyp mgptpUj;jp kw;Wk; Rw;whly; mikr;rpd; 

jiyikj;Jtj;jpd; fPo;   "J}a;ikahd 

fhw;W nraw;jpl;lk;" vd;w Njrpa nraw;jpl;lk; 

Muk;gpf;fg;gl;Ls;sJld; ,r; nraw;jpl;lj;jpd; 

Kf;fpa $W cl;Gw tsp khriljiy 

Kfhikjj;Jtk; nra;jy; MFk;.

Peace Lily (Spathiphyllum 
wallisii)

Alcohol, Acetone, 
Trichloroethylene,Benzene, 

Formaldehyde 

Gerbera (Gerbera Sp.)
Trichloroethylene, Benzene 

Aloe vera (Aloe vera)
Benzene, Formaldehyde

Bamboo Palm (Chamaedorea seifrizii)
Benzene, Formaldehyde, trichloroethylene, 

xylene, toluene

Spider plant (Chlorophytum comosum)
Carbon monoxide,Formaldehyde, Benzene
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	 https://www.who.int

	 https://www.researchgate.net

	 The Open University of Sri Lanka (2011), Environmental Chemistry of the Atmosphere, 978 – 
955 – 23 – 1344 - 8

	 A.I Mendis (2002), The Impact of Indoor Air Pollution on the Health of Women and Children 
in Low Income Groups in Sri Lanka, 955 – 9017 – 12 – 8

	 World Health Organization (2009), WHO Hand Book on Indoor Radon, 978 92 41 547673 
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•	 Sri Lanka has initiated mitigation and adaptation actions through sector based policy 
measures.

•	 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 country’s 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. 

Climate Change Policy Evaluation by the Use 
of Mitigation and Adaptation Indicators



88

Figure 1:	 GHG emission growth rate from 1920 to 2010

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

2
 emissions as a key 

Source:	 IPCC Fifth Assessment Report – Working Group III (2014)
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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
2
 emissions alone cannot provide 

the effects of economic policy decisions that 
reflect on climate change policy. IPCC 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 

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:

•	 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 

Climate Change Policy Evaluation by the Use of Mitigation and Adaptation Indicators

of data and information. It may be a comprehensive 
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.
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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, WWF, FAO

3.	 Human Settlement and Land Use Planning UN-HABITAT, WDI (Work Bank), UNFCCC,ADB,APEC, 
ILC

4.	 Disaster Management UN-HABITAT, WDI (World Bank), UNISDR, IMF, 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

Table 1: Data Sourcing of Evaluation Themes

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
2
 emissions from other sectors, excluding residential buildings, 

and commercial and public services (kt)

4.	 Disaster Management The sum of public and private health expenditure

5.	 Energy Consumption CO
2
 emissions from solid, liquid and gaseous fuel consumption, 

Other GHG Emissions (HFC, CH
4
, NO

2
, etc.),

6.	 Infrastructure Development 
and Transport Management

CO
2
 emissions from transport sector, CO

2
 emissions from electricity 

and heat production

7.	 Industrial Development CO
2
 emissions from manufacturing industries and construction, value 

added in mining, manufacturing, construction, electricity, water, and 
gas

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

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. 

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.

Sources: WDI, MDG, IPCC Source/Sink Categories 1 A 4 and 1 A 5

Climate Change Policy Evaluation by the Use of Mitigation and Adaptation Indicators
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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 

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’s 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% 

M.T.O.V. Peiris
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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

•	 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, 

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.

Climate Change Policy Evaluation by the Use of Mitigation and Adaptation Indicators
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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

M.T.O.V. Peiris
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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. 

In order to derive a sustainable global climate 
change policy, international climate change 
negotiations avoid free rider roles of developing 
countries in climate change policies, integrate 
economic impacts of climate change impacts, 
and bottom up approach in climate change action 
plans are vital. Consumerism and dependency 
on imports has created a blowhole in country 
specific climate change response as the carbon 
footprint is increasing. This study identified core 
sector based improvements for Sri Lanka, which 
then can relate in to island nations.

Climate Change Policy Evaluation by the Use of Mitigation and Adaptation Indicators
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Greenhouse gas emissions associated with 
the teaching- learning process at higher 

education institutes

•	 Higher Education is identified as a sector that emits Greenhouse gases (GHG).

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

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

Global warming is defined as an increase in 
combined surface air and sea surface 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 
et al., 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, it is 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 

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.  

Greenhouse gas emissions associated with the teaching- learning 
process at higher education institutes
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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 this regard, 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

2
 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

2 

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

2
 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). 

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 20th 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

2 
emissions from fossil-fuel 

use and from other sources can be balanced by 
removal of CO

2
 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

2
 sources and sinks 

within the institutions is important. (i.e. CO
2 

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

2
 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

2
 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 

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

2
 

emissions and thermal comfort, as well as the 
overall CO

2
 emission reductions.

Greenhouse gas emissions associated with the teaching- learning 
process at higher education institutes
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Partnership for Market Readiness (PMR) and Preparation 
for Future Carbon Market in Sri Lanka

•	 Introducing the carbon market to the world through the Kyoto protocol 

•	 Preparation  of PMR countries  for the new carbon market.

•	 Preparation of Sri Lanka for the future carbon market through the implementation of 
PMR project.

Methmali Rajaguru
Climate Change Secretariat, Ministry of Environment
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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 markets and reinforces international 
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. 

At the same time, several countries are 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.

•	 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 PMR is based on a two-
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 

Partnership for Market Readiness (PMR) and Future Carbon Market in Sri Lanka
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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. 

•	 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.

Methmali Rajaguru

Figure 1 : Major Achievements of the Project

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  CPIs

Capacity Buiding, Communication and 
General Outreach
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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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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. 

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 

Partnership for Market Readiness (PMR) and Future Carbon Market in Sri Lanka
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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 IPCC 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, 
NOx and NMVOC in the energy and estimation 
of HFC emissions in IPPU sectors. Emissions 
were calculated in unit of mass and in CO

2 

equivalents using the Global Warming Potential 
(GWP)1. 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)2 and National Adaptation Plan (NAP)3, 
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 
4.5 and 8.5 as per the Fifth Assessment Report 
(AR5)5 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

2
 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.

Key Outputs, Major Achievements and Challenges in preparation of
Third National Communication on Climate Change in Sri Lanka
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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)6 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, 

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

2
), Methane (CH

4
) and Nitrous 

Oxide (N
2
O). The TNC Report also provides 

information on gaseous emissions such as 
Hydrofluorocarbons (HFCs), Perfluorocarbons 
(PFCs), Sulphur hexafluoride (SF

6
) and 

information on emissions of precursor Carbon 
monoxide (CO), Nitrogen Oxides (NO

x
), 

Non-Methane Volatile Organic Compounds 
(NMVOCs) and Sulphur Oxides (So

x
) 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: 	 Preparatory arrangement of TNC
Source: 	 Writer developed for the 1st Project Executive Board

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). 

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 
of adapting to climate risks and mitigating climate 
change. Results of VAMs provide Sri Lanka with 
a basis on which to plan adaptation measures 

Key Outputs, Major Achievements and Challenges in preparation of
Third National Communication on Climate Change in Sri Lanka
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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.

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 IPCC 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 

T.M.A.G.Tennakoon
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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 areas7 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	 Data and 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.

Key Outputs, Major Achievements and Challenges in preparation of
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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.

Delays in submission of reports by 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..

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 communications are 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. 

T.M.A.G.Tennakoon
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Estimation of carbon retention potential in timber 
logs of State Timber Corporation, Sri Lanka

•	 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 CO2is 
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-1year-1) while Teak shows the least 1.52 kg tree-1year-1.

•	 Therefore, Eucalyptus contributes to sequester the highest amount of CO2 (44.04 
kg tree-1year-1) over the other two species.

Nimal Ruwanpathirana*, W.V.T.D. Amarasinghe, C.I.M. Arachchi
State Timber Corporation, Battaramulla, Sri Lanka

nimalruwan@gmail.com

Introduction

Carbon dioxide (CO
2
) 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

2
), methane (CH

4
), and 

nitrous oxide (N
2
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 (CO

2
) and methane (CH

4
). 

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

2
 leads to the greenhouse effect 
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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 2001a). 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., 

which results in global warming. Therefore, 
various measures are required for long-term 
carbon retention to reduce the atmospheric CO

2
 

level.

CO
2
 is naturally captured from the atmosphere 

by trees for long-term storage in their lifetime 
through the process of photosynthesis. Forests 
absorb CO

2
 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
2 

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 7th 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

2
 concentration (Paustian 

et al.2000; Post et al. 1990; Yadev et al. 2012).

Estimation of carbon retention potential in timber logs of 
State Timber Corporation, Sri Lanka
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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 
Mitlöhner, 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

2
 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 

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 m3 (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

2
 in logs was estimated by converting 

carbon to CO
2 
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 

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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Teak
Tectona grandis
Avg age - 46 yr
Wood Density (0% MC) 
– 643 Kgm3-

2018 836.40 155,072 35,954.20 42.99 10,865.72 39,877.19

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
Pinus sp.
Avg age - 43 yr
Wood Density (0% MC) 
– 571 Kgm3-

2018 124.30 56,230 40,177.50 323.23 10,782.44 39,571.54

2017 160.20 76,402 45,732.00 285.47 12,273.10 45,042.27

Total Pinus 284.50 132,632 85,909.50 23,055.53 84,613.80

Eucalyptus
E. grandis
E. microcorys
Avg age 30 yr Wood 
WoodDensity (0% MC) 
– 670 Kgm3-

2018 26.60 2,518 6,393.81 240.37 2,013.41 7,389.22

2017 62.50 11,091 9,258.00 148.13 2,915.34 10,699.31

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-1, 81.68 tonnes ha-1 and 61.17 
tonnes ha-1 of average carbon amounts are 

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 m3 average log volume. 
As it consisted of 199 average Teak trees per 

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.

Estimation of carbon retention potential in timber logs of 
State Timber Corporation, Sri Lanka



121  

NeelaHaritha Vol.3, 2020

hectare, it was able to produce 47.43m3 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.

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
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Teak 79 703.1 199 0.24 9899.83 14.34 0.07 215.21 47.43 113 34.1 -57.9

Pinus 16 142.3 465 0.66 11527.77 81.68 0.17 268.09 304.35 296 80.0 2.0

Eucalyptus 5 44.5 136 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 
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 m3 log volume per hectares 
at clear-felling stage according to the yield table 
data (Appendix 2). Even though 47.43 m3 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.

Estimated timber and carbon stocks differ 
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 m3 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-1), that produces 301.97 
m3 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-1. 
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-1 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-1 and 0.36 tonnes tree-1.

According to the provincial yield table (Appendix 
2), Eucalyptus species can produce a 260 m3  
ha-1of timber volume at the age of 25 years with 
13.8 m3 mean annual increment. Consequently, 
a 30-year-old plantation would have the 
ability to produce approximately 320 m3 ha-

1. 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-1 and 202.91 tonnes ha-1 above 
ground carbon (AGC) respectively. When this 
is converted, AGC to carbon in logs is 109.07 
tonnes ha-1and 121.50 tonnes ha-1 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-1 than the optimum value (200-
250 trees ha-1). Proper management of forest 

plantations is the key to obtain maximum yield 
and for effective sequestration of atmospheric 
CO

2
.

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

2
 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

2
. 

Average carbon retention per tree  varies with 
the selected species as 70 kg tree-1, (Teak) 170 
kg tree-1 (Pinus) and 360 kg tree-1 (Eucalyptus). 
Therefore, mean annual carbon retention per 
hectare of Teak, Pinus and Eucalyptus are 0.30 
tonnes ha-1 year-1, 1.90 tonnes ha-1year-1, 2.06 
tonnes ha-1 year -1 respectively and the mean 
annual carbon retention per tree is 1.52 kg tree-1 

year-1, 3.95 kg tree-1 year-1, 12 kg tree-1 year-1 

for Teak, Pinus and Eucalyptus respectively. 
Through the reduction of CO

2
 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

2
 from atmosphere by 

 
 

5.57 kg tree-1 year-1, 14.49 kg tree-1 year-1, and 
44.02 kg tree-1 year-1 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

2
 sequestered 

amount in logs from one-hectare plantations 
of Teak and Eucalyptus is 57.9% and 38.7% 
respectively. 

Estimation of carbon retention potential in timber logs of 
State Timber Corporation, Sri Lanka



123  

NeelaHaritha Vol.3, 2020

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

2
. 

Reduction of CO
2
 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

2
 equivalent) whereas total removals from 

forest gain are 70(‘‘000 tons of CO
2
 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

2 
from the atmosphere 

and to sequester the maximum level of carbon 
that will lead to higher carbon deposition in 
logs. Stored CO

2
 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 

be added advantage for increasing terrestrial 
carbon stock and saving carbon for long-term as 
converted wood products. The reduction of CO

2
 

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

•	 According to the results of this study, 
Eucalyptus can be identified as the best 
species for CO

2
 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

2
 

•	 Carbon retention per hectare varies with the 
species as 14.34 tonnes ha-1, 81.68 tonnes 
ha-1and 61.77 tonnes ha-1of Teak, Pinus and 
Eucalyptus respectively

•	 Carbon retention per tree varies with the 
species as 70 kg tree-1, 170 kg tree-1 and 
360 kg tree-1 of Teak, Pinus and Eucalyptus 
respectively

•	 Mean annual carbon retention per hectare of 
Teak, Pinus and Eucalyptus are 0.30 tonnes 
ha-1 year-1, 1.90 tonnes ha-1year-1, 2.06 tonnes 
ha-1 year-1 respectively.

•	 Mean annual carbon retention per tree varies 
as 1.52 kg tree-1 year-1, 3.95 kg tree-1 year-1, 12 
kg tree-1 year-1 for Teak, Pinus and Eucalyptus 
respectively.

•	 Accordingly, Teak, Pinus, Eucalyptus 
sequestrate about 5.57 kg tree-1year-1, 14.49 
kg tree-1year-1, and 43.2 kg tree-1year-1 of 
atmospheric CO

2
 subsequently.

Nimal Ruwanpathirana, W.V.T.D. Amarasinghe, C.I.M. Arachchi
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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

2
 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

2
 reduction 

amounts.  

Estimation of carbon retention potential in timber logs of 
State Timber Corporation, Sri Lanka
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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:

C
log

 = (V
log

x D) x CF	 (1)

Where C
log

 is the carbon per log, kg; V
log

 is the timber volume, m3; CF is the carbon fraction of dry matter,  
t(tons d.m.)-1, (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, kgm3

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
2
.

At
CO2

 = C
Log

x Eqr	 (3)

Where C
log

 is the carbon per log, kg; Eqr is the CO
2
 equivalent ratio: 3.67

Estimation of carbon retention potential in timber logs of 
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EXTRACTED INFORMATION FROM THE YIELD TABLE FOR PINUS, TEAK & EUCALYPTUS

Species

Age

Years No. of Trees/ha

Removals

Vol / ha

m3s.ob

M.A.I

m2s.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

Yield Tables for Teak, Pinus & Eucalyptus

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.

Appendix 2
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Finger-joint technique to mitigate climate change

•	 Finger joint is a recognized technique connecting two small pieces of timber together

•	 This technique is used in Sri Lanka for non-structural purposes such as making 
timber boards and furniture 

•	 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

•	 This technique will enhance the mitigation of greenhouse gases and assist in carbon 
sequestration
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Introduction

Human induced climate change is one of the 
most pressing and complex issues facing society 
in the 21st 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

2
) from the atmosphere and storing it in their 

mass. For every kilogram of wood grown, 1.5 kg 
of CO

2
 is removed from the atmosphere (ASCE, 

2010). Storing CO
2
 in wood could therefore be 

considered as an effective means of mitigating 
climate change, though wood also releases CO

2
  

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 



130

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-2 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).

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.

Finger-joint technique to mitigate climate change

Timber Species Botanical Name  Timber Class (STC)

Grandis Eucalyptus grandis Class –II

Mahogany Swietenia macrophylla Luxury

Pine Pinus caribaea Class-III

Teak Tectona grandis Supper Luxury

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

l - length	 = 13 mm
p - pitch	 = 04 mm
t - tip width	 = 01 mm

(13 mm)

l

p
t



131  

NeelaHaritha Vol.3, 2020C.K. Muthumala,Sudhira De Silva, K.K.I.U. Arunakumara and P.L.A.G. Alwis

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 (m3)

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 

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 PC). 

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 ).

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/m3) to 720 (kg/
m3) 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 
strength of clear 

specimens(N/mm2)

Mean tensile strength 
of finger- joint 

specimens (N/mm2)

Strength Difference 
(Clear - joint) (N/mm2)

Joint efficiency %

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

Tensile strength 
of timber =

(Maximum  Load )
(Average cross section 

area of specimen )

N/mm2(Eq-02)
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Table 4: Mean C stock (t ha-1)

Timber species Mean Carbon stock (t ha-1) 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-1) 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-1).
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-1). Therefore, use of short- length sawn timber 
pieces for finger- jointed furniture production 
could contribute to carbon storage.

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 as a 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. 

Finger-joint technique to mitigate climate change
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Building ‘Climate Smart Cities’

•	 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

Hasula Wickremasinghe1* and Sujith Rathnayake1

Climate Change Secretariat, Ministry of Environment 
*hasulaw@yahoo.com

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 21st 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 20th 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 21st 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 

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

c)	 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).

Building ‘Climate Smart Cities’
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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). (GoI, 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. India identified 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.

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 
et al., 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 11th 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 

Province No. of 
Municipalities

Urban Population Provincial Capital Population of 
Capital

Western 21 2,272,194 Colombo 561,314

Eastern 8 389,687 Trincomalee* 48,351

Central 10 270,971 Kandy 98,828

Southern 7 261,677 Galle 86,333

Northern 6 176,808 Jaffna 80,829

Sabaragamuwa 4 115,444 Ratnapura 47,105

North Western 4 97,294 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

Table1: Sri Lanka’s urban areas as per 2012 census (Source: GoSL,2018)

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).

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).

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 

(GoSL,2018). The increasing frequency and 
severity of climate risks and associated losses 
and damages have contributed to Sri Lanka’s 
ranking of the 2nd 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 

Building ‘Climate Smart Cities’
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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 

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: GoSl,2018-(modified)

City Climatic zone Exposure Flood Landslides Drought

Affected Deaths Affected Deaths Affected Deaths

Jaffna Dry Drought, 
flood, 
cyclone

40,268 0 0 0 2150 0

Anuradhapura Dry Drought 4030 0 0 0 19,645 0

Trincomalee Dry Drought 33,535 0 0 0 18,187 0

Kurunegala Intermediate Drought 2774 2 0 0 141,074 0

Badulla Intermediate Flood, 
landslides

2251 0 6424 41 0 0

Kandy Wet Landslides 505 0 2615 7 0 0

Ratnapura Wet Flood, 
landslides, 
drought

113,260 9 6969 47 4313 0

Galle Wet Flood, 
landslides

27,206 0 23 4 0 0

Colombo/
WRM*

Wet Flood 3,807,394 223 2084 36 530,763 0

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 Lanka’s 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. 

Hasula Wickremasinghe and Sujith Rathnayake
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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

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

Building ‘Climate Smart Cities’



141  

NeelaHaritha Vol.3, 2020

Table 3 shows potential sub features within 
those 17 categories to incorporate in to city 
development, and their benefits of ensuring 

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 
of solar (net metering in buildings), wind and waste, 
etc. 

b)	 Energy efficient air conditioning systems (with EE 
star rated ACs)

c)	 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

a)	 Energy saving

b)	 Reduction of greenhouse 
gas emissions

c)	 Economic benefits

Sustainable 
transport

a)	 Promoting public transport systems and traffic 
management mechanisms

b)	 Electrification of mass transport (bus/train)

c)	 “hop on hop off’ electric transport means for short 
distances

d)	 Solar charging stations

e)	 Areas set aside for parking

f)	 Car pooling

a)	 Less traffic congestion

b)	 Saving of time in 
commuting 

c)	 Energy saving

d)	 Reduction of greenhouse 
gas emissions

e)	 Reducing air pollution

f)	 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 
Management

a)	 Rain water harvesting systems

b)	 Water efficient plumbing

c)	 Treatment and reuse of waste water

d)	 Preventing siltation of water bodies

e)	 Enabling ground water recharge

f)	 Encouraging horizontal water filtration  Building 
infrastructure in a way that leaves soil /grass areas for 
water percolation.

g)	 Frequent water audits

a)	 Availability of potable 
water

b)	 Water conservation

c)	 Groundwater recharge 

d)	 Reduced water pollution

e)	 Reduce water scarcity 
during dry periods

economic growth, healthy lifestyles, and 
environmental conservation.

Hasula Wickremasinghe and Sujith Rathnayake
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Key Features of a Climate Smart City Benefits

Green 
Buildings

a)	 Follow green building guidelines (as appropriate)

b)	 Use of energy efficient systems for constructions

c)	 Using green designs

d)	 Use green roofs

e)	 Central AC systems / solar cooling systems

f)	 Cross ventilation

g)	 Natural lighting

h)	 Soil bricks

i)	 Solar lighting

j)	 Infiltration trenches/ basins for storm water drainage

k)	 Permeable car parks

a)	 Cooler buildings

b)	 Environment friendly 
and healthy work spaces

c)	 Energy saving

d)	 Reducing greenhouse gas 
emissions

e)	 Economic saving

Urban 
Ecosystems

a)	 Greening the cities by growing trees on either side 
of the streets (should leave space for pavement rain 
water to filter to underground horizontally)

b)	 Pavements lined with either cement blocks 
containing space for the grass or permeable blocks 
for horizontal filtering of rain water

c)	 Green areas set aside for leisure

d)	 Revitalize urban wetlands

e)	 Urban forest parks

f)	 Green round a-bouts

g)	 Use of native plants

h)	 Green belts ,Tree belts

i)	 Vertical gardens. (in urban areas that have no spce to 
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)

l)	 Tree box filters for streets ( Space left around tree 
roots without concrete, sloped towards the trunk to 
collect and filter storm water)

m)	 Wetlands linked with canals creating blue belts

a)	 Increases 
evapotranspiration

b)	 Water conservation

c)	 Prevention of soil and 
water pollution

d)	 Soil conservation

e)	 Conservation of 
ecosystems and 
biodiversity

f)	 Reducing the effects of 
drought

g)	 Reducing the Urban Heat 
Island effect

Building ‘Climate Smart Cities’
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Key Features of a Climate Smart City Benefits

Waste 
Management

a)	 Waste segregation at source

b)	 Creating awareness to separate waste

c)	 Collection points for recyclable wastes as well as 
recycling

d)	 Production of biogas, compost

e)	 Introducing Integrated waste management systems

a)	 Reducing soil and water 
pollution

b)	 Reducing health risks

c)	 Reducing plastic 
pollution

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

l)	 Constructed wetlands as sewerage filtering systems

m)	 Linking residential and commercial sewerage into a 
common sewerage treatment plant

Drainage 
systems

a)	 Flood control systems

b)	 Storm water drainage systems (these could contain 
soak ways at regular intervals where the porosity of 
the ground permits aquifer recharge).

c)	 Waste water transfer through canals to on-site 
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

a)	 Reducing urban flooding

b)	 Increasing the availability 
of ground water

c)	 Reducing water 
contamination

Hasula Wickremasinghe and Sujith Rathnayake
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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. 

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’. 

Building ‘Climate Smart Cities’
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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 
which 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. 

•	 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)

Win-win situation for the National Economy and the Utility
Rooftop Solar PV Systems with Battery Storage
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•	 This reduces the revenue earned by the 
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.  

•	 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. 

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 08th year to 20th 
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
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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-Ion and 
Pb-Acid maintenance free deep cycle batteries 
were installed under this pilot programme.

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. 

Win-win situation for the National Economy and the Utility
Rooftop Solar PV Systems with Battery Storage
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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;   

•	 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.

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.

Gayan Subasinghe
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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 
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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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•	 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

•	 Energy NAMA project assisted to install 590 VFDs in 70 tea factories

•	 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 (VFDs) 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 
VFD 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 

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.

Figure 1: Online MRV portal (https://clean.energy.gov.lk/hem_vfd.php)

Variable Frequency Drives Application in the Tea Sector as an
Appropriate Mitigation Action
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Figure 2:Screenshot of the VFD Online Monitoring Application Dashboard

Figure 3: Graphical Representation of Energy Savings Recorded
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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 
VFDs 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

VFDs Installed 590

Total Capacities 4,032.5 kW

Expected Energy Saving 3.387 GWh/annum

Emission Reduction 2,438 tCO
2
/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

Variable Frequency Drives Application in the Tea Sector as an
Appropriate Mitigation Action
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•	 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. 

•	 Good behavioural practices by the occupants and visitors of the buildings, and 
implementing sound energy management systems are some approaches to mitigate 
climate change.

•	 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

2
 emissions 

have recorded a historic high of 33.1 Gt of CO
2
. 

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.

•	 Behavioural Practices

•	 Employees

•	 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 

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 

Climate Change and Energy Management:
Low Carbon Energy Technologies and Strategies
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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 

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

eq
 (1,020 MJ) to 228 kWh

eq
 (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
2eq

, which 
contribute to mitigate climate change and global warming.

Climate Change and Energy Management:
Low Carbon Energy Technologies and Strategies
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Notices that encourage the public to conserve energy
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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. 

•	 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 

OPINION 
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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 4th highest 
climate risk of 182 countries in 2016, and was 
ranked 2nd 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 

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 12th 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. 

Vertical expansion of human settlements for sustainable cascade 
ecosystems in the dry zone and the mountain regions of Sri Lanka
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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. 

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.



166

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.

(a)

(b)

(c)

Vertical expansion of human settlements for sustainable cascade 
ecosystems in the dry zone and the mountain regions of Sri Lanka
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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

(d)

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 

C.P. Gunasena

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

(a) (b)
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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 

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 

Figure 6: Proposed settlement scheme for hilly areas Source: Personal

Vertical expansion of human settlements for sustainable cascade 
ecosystems in the dry zone and the mountain regions of Sri Lanka
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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. 

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. 

C.P. Gunasena

Note:

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 
for future generations.
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