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Editorial

It is a well-established fact that global warming due to enhanced Greenhouse Gas (GHG) emission
is creating climate change and associated natural disasters. This deep climate crisis will impact the
whole world in the 21* century and beyond.

As a tropical island nation, Sri Lanka is faced with adverse disasters in many sectors including
agriculture and food security, energy generation, water, health, etc. Rainfall pattern has changed
and aggravated drought situation in the dry zone has persisted for consecutive years and heavy
rainfall with flash floods and landslides are a frequent occurrence. According to the latest report
of the Intergovernmental Panel on Climate Change (IPCC, 2014), the rainfall of tropical Asia will
vary with an increase during June, July and August (JJA) and a decrease in December, January and
February (DJF). Research at local level indicates less rainfall in the dry zone and more rainfall in the
wet zone during the coming years. Department of Meteorology in their latest prediction shows
nearly 60% reduction in the dry zone rain and doubling of rainfall in the hill country by 2050.

As a country, we may not be able to avert completely the impending climate change impacts but it is
a necessity that the country prepares for adaptation in the most effective way. We strongly believe
that it will be easy to do it if the citizens are aware of climate change and related issues. Recent
studies indicate that most of the general public and especially, farmers and rural community are not
educated on this subject.

United Nations Framework Convention on Climate Change (UNFCCC 1992) and the Paris Agreement
(UN 2015) state that the development and implementation of education and training programmes
are necessary particularly in developing countries and parties should take necessary measures to
enhance awareness creation.

The main aim of this publication is to educate and create awareness on this critical and important
subject. Some articles in this volume contain various aspects of climate change. Some of them are
research based, while others are based on field experience. The views and ideas expressed and
data and facts presented in these articles belong solely to the authors.

We hope this magazine will provide the opportunity for those who are interested in this field to
share their views and experience.

Editors

Prof. W.L.Sumathipala
Dr. R.D.S.Jayathunga

Dr. Athula Senaratne

Mr. Shamen Vidanage
Dr. Erandathie Lokupitiya
Dr. Terney Pradeep
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Character and Behavior of Nature-A View Point
W.L. Sumathipala

Ministry of Mahaweli Development & Environment
wlsumathipala@hotmail.com

Natural disasters are due to nature trying to balance things by transporting from high to low.
Higher the gradient higher will be the strength of the disaster and damage. With enhanced global
warming the tropics will become warmer and the temperature gradients in horizontal and vertical
directions will increase and that in turn will produce severe and frequent natural disasters. It
must be understood that this is due to nature trying to maintain equilibrium. Sri Lanka is faced
with increased natural disasters in recent times leading to loss of life and property amounting to
massive economic burden and severe hardships.

Introduction

Natural disasters have become a common occurrence in recent times and they occur in different
scales and magnitudes. Some of these are interlinked and are a result of climate change. Climate
change is fundamental to our future that poses a significant threat to living beings on the planet.
As such it is very important to use all available tools and scientific methods to find a solution to this
serious problem. Finding or suggesting solutions are based on understanding the underline causes
for these disasters.

Nature is a complex system with many aspects and variables that one can describe or study. For
example, nature supports and help living beings to survive in this world by providing all essentials for
healthy living, provide biodiversity and ecosystem services, etc. But, there are many other aspects
of nature that control its activities.

Animals including human beings learn by observing nature and natural happenings in the world.
All adjust their behavior and adapt to changes taking place in their surroundings. It is also a well
known fact that observation is very important in scientific discoveries. Scientists improved their
observing ability and capacity by developing tools that has contributed to many discoveries.
Scientists have proved that observations are very important and science starts with observing what
is happening around us in nature and in trying to understand and explain natural phenomena. The
field of Astronomy and Sir Isaac Newton’s observation and theory of gravity are good examples
how observation of nature led to understanding of nature and scientific development. Developing
transport systems like bullet train, airplanes are some examples of how observation of nature had
led to development. Even today green building concept was in some ways helped by observing



termites building their Mounds. Termites build their Mounds with proper natural ventilation.
Japanese have produced a gadget to extract tiny amount of blood without causing any pain by
observing how mosquitoes bite and suck blood.

Nature

It is not difficult to understand that nature likes equilibrium. In order to achieve equilibrium, nature
always tries to transport any physical property of nature from a place where it is high to a point
where it is low. With this concept it is possible to look at natural disasters and how they occur. There
are imbalances occurring in nature. The essential energy for our survival and to do things on planet
earth is mostly supplied by the Sun. Sun’s energy drives the atmospheric systems such as wind
patterns, ocean currents, hydrological cycle etc.

Atmospheric Temperature Gradients in Horizontal and Vertical Directions

Due to uneven distribution of solar energy at the earth’s surface a higher amount of solar energy is
received in the tropical region of the earth mainly because the Sun is overhead throughout the year
and the duration of the sun shine is also high. Higher latitudes receive less energy and are subjected
to seasonal changes. On the average, tropics are several degrees warmer than high latitudes. As
shown in Figure 1, while the average temperature in the tropics is around 29 or 30°C, value is about
5 °C at around 45 deg. latitudes. As such there is a horizontal temperature gradient between tropics
and the higher latitudes. Therefore, the horizontal gradient will continue to stay and play a role in
weather and climate of the planet earth.

Annual Average Temperature Map
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Figure 1: Average global temperature at surface level




Figure 2: Oceanic Gyres that circulate ocean waters
(Courtesy of the Ocean Cleanup Project, Boyan Slat, Delft, Netherlands.htm)

Nature does not like to keep this temperature difference or the horizontal temperature gradiant
and will try to reduce it. This can be done by transporting energy from tropics to higher latitudes.
Further, tropics are covered by large oceans (Pacific, Atlantic and Indian) with resulting massive
amounts of water. Solar energy received by these tropical oceans is stored and amounts to massive
oceanic heat source. This heat has to be transported horizontally to higher latitudes and nature has
found ways and means for it. Oceanic gyres in all tropical oceans take warm water from tropical
regions to higher latitudes and bring back cold water from high latitudes to the tropics by means of
ocean currents (Fig. 2). This natural phenomenon is considered as a normal process. There are other
processes like cyclones. Cyclones are considered as massive “heat engines” and these systems
extract a huge amount of energy from the warm pools of the tropics and transport to high latitudes
(Fig.3 a,b).




(b)
Figure 3: (a) Cyclone generating warm pools (Courtesy of the NWS Jet Stream Online School)
(b) Cyclone that went across Sri Lanka in 2000 (NOAA Satellite picture)

The temperature variation in the vertical direction is complicated and the world average condition is
shown in Figure 4. The temperature decreases from the surface level to about 10 Km and increases
from there to about 50 Km. Again it decreases and increases with height.
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Figure 4: Average vertical temperature profile of the atmosphere
(Adopted from WWW.Physicageography.net)

When vertical direction is considered there is a decrease of temperature with height in the lower
level of atmosphere (troposphere) close to the surface of the earth. This reduction is referred to as
Lapse rate and is normally around 5-6 °C per km.

Nature has found methods to transport heat energy vertically to reduce this gradient. The primary
method is water vapour carrying latent heat of evaporation with air vertically and releasing at higher
levels by forming clouds which at times produce rain and snow by releasing energy at high altitudes
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(latent heat of condensation). When the vertical gradient become strong, in order to transport
more energy in a short time (like within an hour) nature selects the method of a thunderstorm or
severe thunderstorms. According to estimates, on the average there are bout two thousand active
thunderstorms at any given time around the world. In Sri Lanka thunderstorms are more frequent
during the inter monsoon periods where surface heating is high and vertical temperature gradient
become strong.

Natural Disasters

Natural disasters can be categorized into different scales as well as length of time or duration. For
example a cyclone can be of 200 to 300 km in diameter and may last for a week or more. Tornados
on the other hand with a diameter of 100 km will last for only a few minutes. The damage due to
both these systems is huge. As shown in Fig. 5 events such as earth quakes, volcanic eruptions,
tsunami, cyclones, tornadoes, severe thunderstorms, floods, landslides, droughts are considered as
natural disasters. When looking at the root cause of these disasters one thing comes to light. Most
of these events occur due to nature trying to reduce gradients in order to keep the equilibrium. In
order to do this nature is looking for means of spreading excess energy by taking from a place where
there is excess and transferring it to areas where there is less. Nature always tries to make a balance
by reducing gradients. Most of the events that we see in nature are there to keep the balance/
equilibrium. Good examples for this are monsoons, normal thunder activity, rainfall, average
number of cyclones. If the gradients are greater than normal the average events will not be able to
handle the situation and abnormal events have to take over. In such occasions either more events
(eg. more cyclones) or large events (eg. huge typhoons) have to take place.

Recently a Category 5 typhoon with a 600 km diameter and wind speeds over 310 km/hr killed
over 1,200 people in the Philippines and affected 4.5 million in its path. It also affected Vietnam
and China and created enormous damages. The economic loss itself is estimated to be over USS
1.7 Billion. There were several severe typhoons in the area affecting China and the neighboring
countries in the recent past. Hurricane Katarina which devastated some parts of United States is
another example of an abnormal natural disaster. All these cases are examples of nature trying to
reduce the gradient; both horizontal and vertical by transporting excess heat from the enormous
heat reservoir of tropical oceans by using the huge natural heat engine.

Due to global warming, gradients have increased and thereby abnormal disasters occur. The reason
for the gradient to become greater than normal is the exponential increase of global temperature
due to anthropogenic activities. It is therefore justifiable to consider that these are manmade
disasters.

These disasters can be considered as remedial measures taken by nature to avoid a tragic situation
where the world will move into a level where it will never come back to the level that could produce
livable conditions.
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Figure 5: Natural disasters with varying temporal and spatial scales

Landslides

If we take landslides in the country, it can be considered as nature trying to balance because it
favors equilibrium. In hilly areas there is an equilibrium of forces in the vertical direction. While
gravity is pulling the landmass downward, forces like friction acts upwards and keep the landmass
in equilibrium. There are tree and root systems binding the soil and the rocks and boulders together.
When rainfall occurs, water is drained gradually downwards. However, when the trees are cut and
land is cleared soil mass is open to rain. As in Fig.6, the rainwater is absorbed by soil and become
heavier and the downward force increases. At the same time there are no trees and root systems
to bind and hold the landmass. With water the frictional effect becomes less and as such the gravity
pull will overcome the weak upward directed frictional force and landslides occur.

L %

Figure 6: Landslides in Sri Lanka (Courtesy of National Building Research Organization)



Downward directed atmospheric electric field is another variable that is observed in nature. With
the constant movement of electrons vertically the potential gradient will increase. This increase is
counteracted and maintained at an appropriate (reasonable) level by thunder activity.

These are few examples to show that the natural disasters are due to nature trying to balance things
by transporting from high to low. Higher the gradient higher will be the strength of the disaster
and damage. With enhanced global warming the tropics will become warmer and the temperature
gradients in horizontal and vertical directions will increase and that in turn will produce severe and
frequent natural disasters.

Therefore, itis necessary to help nature to keep all systems in balance and equilibrium by minimizing
human interference with natural systemsas much as possible. Thisidea that “nature trying to balance
things to keep the equilibrium of the system” is applicable not only in Science or Physics where
physical parameters are considered, but it is applicable even in social sciences. If the economy of a
country is not kept at a manageable level and if the economic gradient increase (gradient between
rich and poor) it also can lead to a disaster situation like a revolution.
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The Socio-Economic Impacts of Flood Disasters in Sri Lanka
K. Kumudika Erangi Perera

Computer Teaching Unit, University of Colombo, Sri Lanka
kumudikaerangi@gmail.com

The world is becoming increasingly susceptible to unexpected events due to climate change.
Therefore, the frequency and intensity of natural disasters have been increasing over the years.
Esspecially, seasonal flooding is more frequent and a common occurrence in Sri Lanka than the
other natural disasters (Jegarasasingam, 2017). In this respect, it is important to understand the
trends, patterns and impacts of the flood disaster in Sri Lanka. Therefore, this paper has focused
on discussing the socio-economic impacts of the flood disasters in Sri Lanka.

Rainfall Patterns in Sri Lanka

According to the Department of Meteorology, the annual rainfall in Sri Lanka varies from 900 mm
in the driest parts to over 5000 mm in the wettest parts (Survey Department, 2007). There are
four major rainfall seasons in Sri Lanka namely; First Inter-monsoon (March to April), South-west
monsoon (May to September), Second Inter-monsoon (October to November) and North-east
monsoon (December to February).

The South-west monsoon period of the island receives 100 mm to over 3000 mm of rain. The
variation towards the South-western coastal area is less rapid, with the South-eastern coastal belt
experiencing between 1000 mm to 1600 mm of rain during this five-month long period. The North-
east monsoon period contributes about 500 mm to 2500 mm of rain. According to the Survey
Department (2007), the maximum North-east monsoonal rainfall is experienced at Kobonella estate
(1281mm) and the minimum is in the Western coastal area around Puttalam (Chilaw -177mm).

The distribution of rainfall during the First Inter-monsoon period shows that the entire South-
western sector and the hill country receives over 250 mm of rainfall, with a localized area on the
South-western slopes experiencing rainfall in excess of 700 mm. Over most other parts of the island,
the amount of rainfall varies between 100 and 250 mm, the notable exception being the northern
Jaffna peninsula. Almost the entire island receives in excess of 400 mm of rain during the Second
Inter-monsoon period, with the South-western slopes receiving higher rainfall in the range 750mm
to 1200 mm, with Weweltalawa estate in Yatiyantota receiving 1219 mm (Survey Department,
2007). However, according to Punyawardena (2012), variability of both annual and seasonal rainfall
has increased during recent decades due to climate change. Especially, the North-east monsoon
has shown an increased variability. Further to this, the frequency of heavy rainfall events has also
increased (Perera, 2016).



With this brief background, it can be mentioned that flood disasters are associated with rainfall
seasonsin SriLanka. Therefore, floods occur almost annually and it is most important to understand
the rainfall patterns in Sri Lanka. Qut of the four main rainfall seasons, according to the Disaster
Management Center (2016), major floods in Sri Lanka are associated with the two monsoons.
Typically, during the South-west monsoon season, the Western, Southern and Sabaragamuwa
provinces are vulnerable to floods because the country receives the most precipitation while during
the North-east monsoons, the Eastern, Northern and North-central provinces are prone to flooding
by cyclones or cyclonic storms. Although, such storms rarely occur, when they do, even offshore
as in May 2003 and August 1947; they have a severe impact on precipitation on the Western and
South-western slopes of the island.

Especially, the districts of Kegalle, Ratnapura, Kalutara, Colombo, Gampaha and Galle are vulnerable
to floods during the South-west monsoon season while the districts of Ampara, Trincomalee,
Badulla, Polonnaruwa, Batticaloa, Matale and Monaragala are vulnerable to flood during the North-
east monsoons. Thus, the two regions in the country show distinct seasonal floods. Further to this,
floods in Sri Lanka are mainly due to excessive rainfall received as a result of development of low-
pressure systems in the Bay of Bengal. As already mentioned, floods are directly related to the
amount of rainfall and therefore a proper understanding about the distribution of rainfall becomes
important.

Moreover, according to the study on National Climate Change Adaptation Strategy for Sri Lanka
- 2011 to 2016 undertaken by the Environmental Ministry of Sri Lanka, it has been reported that,
increased intensity of rainfall in the wet-zone due to climate change is expected to increase the
propensity for flooding of flood prone rivers and to increase the intensity and frequency of landslides
associated with prolonged and heavy rains in this region.

River System in Sri Lanka

SriLanka’s radial network of rivers begins in the central highlands. According to the water resources
map of the country, it can be identified that 103 river basins cover 90 percent of the island. Ten
of the rivers are considered as major rivers. Qut of the major rivers in Sri Lanka Kelani, Kalu, Gin,
Nilwala and Mahaweli are identified as vulnerable to floods (Ranagalage and Manawadu, 2010).
Further, among these vulnerable rivers, four rivers namely; Kelani, Kalu, Gin and Nilwala are located
in the Wet Zone. Moreover, according to the Irrigation Department in Sri Lanka, 25 river basins are
identified as being more vulnerable to floods.

Flood Disaster in Sri Lanka

When considering the global situation of flood disaster, Figure 1 illustrates that Sri Lanka belongs
to a group with a moderate number of reported flood events. However, as has been mentioned
before, floods are the most common and destructive hazard in Sri Lanka. According to the spatial
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distribution map of flood events reported from different districts of Sri Lanka from 1990 to 2011
created by the Disaster Management Center (2012), it has been illustrated that the highest number
of events being reported are from high rainfall areas; Ratnapura and Kalutara. Mannar, Mulativu
and Vavuniya report the lowest number. Surprisingly Kandy, despite its higher rainfall, has a smaller
number of floods than Kurunegala.
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Figure 1: Flood disaster situation in world (1986-2015)
Source: EM-DAT, 2017

Drawing attention to the causes of floods in Sri Lanka, it can be identified that the heavy rainfall in
the Eastern and South-western slopes is a principal cause of the flood risk. Especially, with global
warming due to the greenhouse effect, tropical countries are expected to get less annual rainfall,
but increased rainfall intensities (legarasasingam, 2017). Runoff from the large volume of water
from the catchment areas of rivers is also one of the main causes of the flood risk. In addition, the
topography of certain districts, deforestation, absence of scientific soil conservation practices and
land use patterns are also significant factors.

However, according to the current situation of flood occurrences, the flood risk is gradually
increased due to climate change and intense monsoon rainfall. Moreover, rapid urbanization with
the insufficient infrastructure facilities such as drainage systems triggers the urban flash floods
together with global phenomena like climate change, with increased rainfall intensities (Peiris,
2006). Therefore, several flash floods occurred recently, without giving much time for evacuation
and diminished within two to three days. According to Gunasekara (2008), there were three flood
events in Sri Lanka on 29th April, 30th May and on 19th July 2008 for Kelani, Kalu and Gin basins
respectively.
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Figure 2: Trend in number of flood events in Sri Lanka (1978 - 2017)
Source: Deslnventar database of DMC, 2017

Figure 2 demonstrates the overall trend of number of flood event records/ data cards during the
period of 1978 to 2017. It shows a rapid increase in the number of flood events during the past 15

years. The highest number of flood events was reported in 2008. According to EM-

DAT (2017), the

frequency of reported flood occurrences in Sri Lanka during the period of 1978 to 2017 has shown
aclear increasing trend (Figure 3).The figure also indicates that there is an increase of occurrence of

flooding after 2006 and it has taken on quite a fluctuate pattern.
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Figure 3: Flood occurrences in Sri Lanka (1978 - 2017); Source: EM-DAT, 2017
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Socio-Economic Impacts of Flood Disaster

Disaster impacts may include loss of life, injury, disease and other negative effects on human
physical, mental and social well-being, together with damage to property, destruction of assets,
loss of services, social and economic disruption and environmental degradation (Corbane et al;
2015). A rise in extreme events and natural disasters as a result of climate change is expected to
pose considerable threat to Sri Lanka’s economy and human health (GFDRR, 2011). Especially since
floods are the most destructive form of natural hazards in both local and global contexts. This is in
terms of both loss of life and property damage (DMC, 2012).

Floods directly affect the lives of humans. With the increasing frequency and intensity of floods as
well as high intensity of rainfall and other man-made factors, a large number of people are affected
by flood disasters annually. The increase in population and subsequent need for land have forced
more and more people to live and work in these vulnerable areas, thereby intensifying the risk to
life and property in the event of major floods (Peiris, 2006).

According to the historical data, it can be identified that there is an increase in the number of
affected people after the year 2002 due to the flood disaster. Figure 4 illustrates that the highest
number of people were affected by floods in 2010. Further, there is an increase in loss of lives during
the recent decade due to the flood disaster (Figure 5). The maximum numbers are recorded in the
years of 1989, 2003, 2016 and 2017.
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Figure 4: Number of affected people (1978 - 2017)
Source: Deslnventar database of DMC, 2017
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Figure 6: Damaged and destroyed houses (1978 - 2017)
Source: Deslnventar database of DMC, 2017

When attention is given to the damages of Flood disaster, it can be identified that there is an
increasing pattern in damaged and destroyed houses after the year 2002 (Figure 6). This may have
high impacts on reconstruction costs in the vulnerable areas. Maximum damages are reported in
the years of 2003, 2011 and 2014. The maximum number of houses destroyed are also reported in
the same years.
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Therefore, the relief distribution recordedis very high. Moreover, according tothe study on Integrated
Post Flood Assessment, carried out after the flood in the Western and Southern provinces in May
2010 by DMC with the World Bank and UNDP assistance, it indicated that the total flood damages
and losses amounted to over Rs. 5,000 million. A similar study carried out by the National Planning
Department recorded losses and damages due to 2011 floods, primarily in the Eastern part of Sri
Lanka, and the reported damages and losses exceeded Rs. 77,000 million (DMC, 2014). However,
according to the Ministry of Disaster Management (2016), the five flood disasters that caused the
highest damage so far are listed in Table 1.

Tablel: Worst Flood Disasters in Sri Lanka in Terms of Damages

Year Damages (USS)

2016 300,000,000
1992 250,000,000
2011 200,000,000
2010 105,000,000
1989 35,000,000

Source: Ministry of Disaster Management, 2016

When considering the recent flood events, from 14th May in 2016 onwards a low-pressure zone
above Sri Lanka caused torrential rainfall all over the country, and in some places it was the heaviest
recorded rainfall in more than 18 years. Several rivers including Kelani River, Kalu Ganga, Mahaweli
River, Deduru Oya, Yan Oya, Maha Oya and Attanagalu Ovya, observed rising water levels, which
caused widespread flooding in 24 districts. Heavy rainfall was recorded in Deraniyagala (355.5
mm), Colombo (256 mm), Katunayake (262 mm), Ratmalana (190 mm), Mannar (185.5 mm) and
Trincomalee (182.4 mm). Further, districts such as Kurunegala, Kegalle, Nuwara Eliya, Ratnapura,
Kalutara, Kandy, Puttalam, Batticaloa and Anuradhapura also received more than 100 mm of rainfall.
The resulting floods were the worst in 25 years. As another result of the rainfall, severe landslides
occurred in several divisions in the Kegalle district. The floods and landslides resulted in the loss of
at least 93 lives and affected almost half a million people. The disaster damaged over 58,000 houses
and caused aloss in income for over a million people dependent on agriculture, trade and industries
(Ministry of Disaster Management, 2016).

The economic impact of the floods and landslides, as measured by damage to physical assets and
losses in production flows, is estimated at LKR 105 billion, equal to 0.94 percent of 2015 GDP. Total
losses are estimated at LKR 18 billion or 0.16 percent of GDP and damages LKR 87 billion or 0.78
percent of GDP. Specially, the floods and landslides have resulted in the loss of about 1.5 million work
days and LKR 4,912 million of personal income during the Financial Year 2016. The manufacturing
and trade sectors damages and losses in all districts have been assessed to be LKR 19,700 million
of which the pay-out by insurance was LKR 15,710 million. The major damages and losses were
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sustained by two sectors only (food and beverages and tea) were estimated at LKR 13,925 million
accounting for approximately 88 percent of insurance pay-outs. The damages and losses to informal
sector in Colombo and Gampaha districts was estimated at LKR 3,990 million which was equal to 20
percent of the total flood and landslide impact.

Further to this, according to the Disaster Management Center (2017), South-west monsoon was
activated over Sri Lanka from 24th of May, 2017 and a very low upper air wind convergence was
formulated over the Eastern sea of Sri Lanka which was absorbing westerly winds. As a result of this,
heavy rains were received on 25th of May to the South-western watersheds in the country. Large
amount of rains were received within 12 hours in South-western regions including Namunuthanna
(619 mm), Bulathsinghela (419 mm), Morawaka (406 mm) and Walasmulla (437 mm) leading riverine
floods of the Kalu, Nilwala and Gin rivers. Around 717,622 people were affected in 15 districts.
70,000 people have been classified as severely affected. The impact analysis model has estimated
approximately 495,000 people as moderately affected population. In addition, around 290,000
women and 138,000 children were directly affected. 212 deaths reported as per the situation report
issued by DMC on 04-06-2017 1800hrs. Further, over 2,313 houses were fully destroyed and around
12,529 houses were partially damage.

Conclusion

Floods are the most frequent type of disaster worldwide. Floods mainly occur in Sri Lanka due to
the South-west and North-east monsoon rains. According to the historical data, it has shown a
clear increasing trend in flood events as well as impacts of flood disaster in the most recent years
in Sri Lanka. A combination of many factors such as intense monsoon rainfall, population growth
in exposed areas, increase in extreme weather events, rapid growth of flood occurrences and
man-made causes have exacerbated this situation. Therefore, it has become necessary for the
identification of spatial and temporal behavior of flood events as well as the possibility of predicting
and controlling such events totally.
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Simple behavioral changes may lead to a big difference in the process of finding solutions for
issues relating to Climate Change. In the end, however, to mitigate the problems on Climate
Change there must be a transformation of feelings, thinking and behavior within the individual.

‘There are no environmental problems where humans are not centrally connected. Thus, psychology
and education ought to play important roles in solving these various problems.’
-American Psychological Association-

Why are Humans Central to All Environmental Problems?

This is because mainly, we have been the dominant species on this planet for many years. The history
of evolution for all biological species has been the same. The organism slowly changes via random
genetic mutations coupled with selective retention to become better adapted to the environmental
roles the world offers it.

Humans quickly alter the environment and then adapt to the future. They, thereby, are changing
the course of evolution. However, we can now greatly change the environment which shapes our
evolutionary path.

However, Climate change is not just a political, social and economic issue. It is also a deeply
psychological one and now, behavioral scientists are using psychology to better understand the
complex relationship between people and nature.

How Does Psychology Relate to Climate Change?

An increasing number of researches and psychological interventions are showing that in order
to tackle the growing threat to our environment, we need to understand people’s emotional and
cognitive responses to this new reality which could be from denial to indifference, to violence, to
anger or even to grief. However, scientists in the expanding field of environmental psychology are
working hard to bring psychological insights into discussions about climate change.
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Psychological Research Outcomes Vs Climate Change
Climate change as an occurring sensation

According to the research done by Dr.Susann Clayton, a conversation psychologist at the College
of Wooster in Ohio, most people who acknowledge that climate change is occurring feel that the
public response has been inadequate. Therefore, the psychologists have been looking at how people
process this information about risk and come to their understandings. This is useful to know, before
providing solutions with regard to issues on climate change, in terms of thinking about how you
can create messages that are more effective for people in order to getting them on board (Gregoire,
2016).

Research in environmental psychology can focus on a number of different areas of inquiry relevant
to climate change, including the use of psychology to inform communication about climate change,
psychological and mental health impacts of ecological crises and disconnection from nature,
advocacy and policy and the psychological roots of climate change denial, boredom and inaction.

While psychology has largely been left out of the climate change conversation, the field is now
slowly growing. For example, in 2009, the American Psychological Association created a task force
to examine the role of psychology in understanding and addressing global climate change. Also,
politically, Barack Obama during his presidential period, called for the use of behavioral sciences to
inform policy, communication and engagement around pressing issues, including climate change
(APA 2017).

Why We, as a Community, Fail to Act on Climate Change?

As Dr. Renee Lertzman, a San Francisco-based psychosocial researcher whose work focuses on
promoting climate change action in organizational settings said “ Psychology is very innovative
and it is very emerging, but they have to get to the point where they really can be open to new and
different ways of looking at things” (Gregoire, 2016).

However, research done by Dr.Lertzman, seek to explain why we, as a community, fail to act on
climate change, even when we are aware of the magnitude of the threat that lies before us. As she
explained, it is not just because people do not care, rather, the emotional response to the issue,
which for many people is a deep but developed untreated sense of anxiety and loss, leads to feeling
powerless and paralyzed. As Dr. Lertzman further explained this state of untreated grief over the
damage to the natural world, which she refers to as “environmental melancholia,” prevents people
from taking correct or the better action.

She defines it further in her own words, “There’s this feeling of loss but it hasn’t been named,
partly because we’re not used to talking about it in our culture ... It’s a kind of loss that people
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are experiencing on both a personal and a social level. It's a loss that comes with either seeing or
experiencing changes in our environment, or hearing about those changes.” (Gregoire, 2016}

Is There any Reason for Hope?

From many studies, it was found that people would spend many hours speaking to a counsellor
about how distressed and sad they are about the way things are changing, and also their sense of
powerlessness. At the same time, people move quickly to show that they deny that they care for
environmental issues at all.

Further, most of these studies have found that people do show a lack of concern for the environment.
However, according to Dr.Lertzman’s point of view, people do already care and are already motivated,
but are tied up in dilemmas and conflicts about how to actually respond. (Gregoire, 2016)

These studies explain further that more experts and advocates need to think about how to
communicate with people in a way that supports and enables them to tackle environmental issues.
By understanding emotional barriers to action, they may be able to devise better guidelines for
communication, advocacy and policy.

Can Psychology be a Useful Way to Help People Feel More Connected to Nature?

This is well explained by Clayton, a pioneer in the field of ¥
conservation psychology. She describes the field as aimed at
understanding how people relate to the natural world, and howto |
improve that relationship. She further states that they also teach
people how to be strong in the face of climate change. (Gregoire,

2016)

In my opinion, it is reasonable to say that the space and structure
of our modern urban lives are increasingly indoor, onscreen and detached from nature. However,
research shows that our relationship with the natural world is still doubtful and psychologists do not
yet have enough data to say what the exact effects might be.

disconnection from nature.

In her research, Clayton surveyed more E
than 7,000 zoo and aquarium visitors to




see how they interacted with animals and whether these interactions promoted concern over climate
change. She found that feelings of connection to animals at zoos or aquariums were associated
with increased concern over climate change. The research also suggested that offering information
about climate change at zoos helped to overcome ideological barriers (Gregoire, 2016).

Does Policy Formulation Along with Psychology Help to Mitigate Effects from Climate
Change?

Most of the researchers emphasized the need for a greater understanding of people’s deep and
layered psychological responses to climate change. In other words, to tackle the problem, we cannot
just focus on providing people the information about the issue.

As Clayton explained, information is not enough, largely because people are capable of huge
levels of denial. Thinking about effective means of communicating information is something that
psychologists have a lot of experience with.

Her research has shown some leaders in the world fail to empower people and prevent them from
being able to locate themselves and their own actions with regard to climate change. Acknowledging
people’s emotional responses to the crisis is a start, and offering a middle ground between facts and
solutions can begin to suppress anxiety and help side action to address the problem (Gregoire,2016).

However, to my mind, we must recognize that all of us are facing extraordinary challenges that
require us to access new capacities, including how we relate to change and risk of climate. In the
long term, of course, we do not just need to create small behavioral changes. Instead, we want
people to rethink and prioritize their relationship with nature in order to face the changes and the
risks relating to Climate Change by changing their own thinking, feelings and behaviors.

Glossary

Selective retention: In relating tothe mind, isthe process whereby people more accurately remember
messages that are closer to their interests, beliefs, and values

Climate change denial: Rejecting to accept the impacts on nature or the society from human action.
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Climate change is considered as a global threat. Moreover, the mitigation actions are becoming
a challenge due to many global geopolitical reasons. On this backdrop, climate change impacts
are expected to increase in the coming years, alarming some industries like fisheries, causing
socio economic issues. This global threat is not a nightmare. Therefore, Sri Lankan policies should
be enforced to ensure the wellbeing of fishermen.

Fisheries Sector and Sri Lankan Economy

The fisheries sector is of importance to the Sri Lankan economy. According to Fisheries Statistics
of 2016 Sri Lanka has 190,960 marine fishing households and 48,900 land fishing households.
Fisheries sector has contributed to 1.4 % of GDP in 2015. Marine fisheries have the largest share
of 1.3% and Inland fisheries 0.1% (Fisheries Statistics,2016).In addition to these monetary aspects,
nutritional aspects like providing proteins and nourishing the nation prove the importance of
the industry. Fisheries industry has been identified as a vulnerable sector to climate change in
the National Adaptation Plan for Climate Change Impacts in Sri Lanka 2016-2025 (NAPCC, 2016).
Similarly, agriculture and farmers are also subjected to the same climate change impacts. However,
some protection mechanisms like crop insurance, crop loss compensations, and irrigation etc., have
already been introduced to the agriculture sector. Hence, it is important that the fisheries sector
too is sufficiently supported. This article has attempted to point out possible impacts on fisheries
sector due to climate change and some research findings in the other sectors in order to show
the importance of linking scientific methods and social science methods as a practice in Sri Lankan
context.

Evidences of Climate Change Impacts on Coastal Areas and Fisheries

Food and Agriculture Organization of the United Nations (FAQ) has shown that marine fisheries
production peaked in the 1980’s and is expected to decline due to climate change impacts (FAO,
2007a). To support this statement, as an example The Mean Sea Level {MSL) has increased by 0.19

meters (globally) during the last century and it is expected to rise rapidly in this century (IPCC, 2014).

The greenhouse effect has increased the temperature in the ocean. Studies have shown the impacts
on the global fisheries due to conditions like rising temperature and changing biogeochemistry. This
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could affect the reduction of fish harvest and income losses to the big companies as well households.
(Brander, 2007; Cheun et al., 2010).Growth and reproduction of fish can be affected by changes
occurring in the ocean (Pértner, 2007). As an example fishes in warmer waters are expected to have
a smaller maximum body size and smaller size at first maturity (Pauly,2007). Similarly, many marine
species have moved towards the poles and into deeper waters under ocean warming places like in
the Northeast Atlantic (Perry et al., 2005). These factors are directly important to the productivity of
fisheries and may cause high costs in the industry and income losses etc. in the future.

Sea Level Rise Issue in Sri Lanka and Existing National Scientific Actions

Sri Lanka is vulnerable to the impacts of sea level rise because the Asian region usually experiences
marginally higher sea level rise than global level. However, the exact sea level rise has not yet been
specifically studied in the Sri Lankan context (NAPCC, 2016).Fisheries industry is susceptible to such
impacts and it could affect the country’s economy (Senarathne et al., 2009). This has an impact on
livelihoods and food security in the country as well.

Existing NAPCC 2016-2025 has included the coastal and marine sector action plan, highlighting
adaptation needs. One such adaptation need is coastal zone management to face the impacts of sea
level rise. This requires basic studies on the impacts inorder to establish a monitoring system that
strengthens the coastal protection and management in the vulnerable areas. Another identified
adaptation need is enhancing the resilience of coastal systems against extreme events.

Introduction of scientific support on intensive fishing methods, technology, sustainable use of
fishing sites and proper fishing gear has been done in order to strengthen the fishermen to increase
fishing productivity.

Importance of Socio Economic Approaches Against Experiencing Climate Change and
Expected Sea Level Rise Impacts

There is a close link between the biophysical components of marine ecosystems and the socio-
economics of fisheries. Global ocean—atmosphere changes could affect on multiple levels of
organization of marine ecosystems and human society. It may cause many impactson the economics
of fisheries, creating larger global issues like global food security, energy supply and food prices.
(Sumail et al., 2011)

As shown in one of the research articles, actions solely based on science, especially which are
practiced in less developed parts of the world would not solve the problems in marine ecosystems
and coastal management (Rice et al., 2011). Thus, adaptation of similar practices to Sri Lankan
context will not address or may be totally incompatible with required actions for future food security
needs. This highlights the importance of incorporating the socioeconomic aspects in addition to the
natural science approaches, especially to build the resilience or awareness and adaptation against
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the risks in national level plans. It helps to meet the food security goals and the socio economic
wellbeing of fishermen.

Socio Economic Approaches: How It Works

Reducing the vulnerability to climate change via planned adaptation is such an approach. To assist
in this, understanding of current response mechanisms to climate variability, recognition of the
opportunities that climate change could bring to the sector and risks like loss of livelihood are
important. Therefore, multi sectorial adaptive strategies which include adaptation and recognition
of fisheries potential are important. (Badjeck et a/.,2010).

Approaches to ldentify the different sensitivity levels of fishermen, most vulnerable groups, within
the fisheries sector, demographic characters of people who are more vulnerable etc. (Cinner,2012)
are important. These kinds of approaches have revealed that the vulnerability of fisheries and fishing
communities depend on their exposure and sensitivity to change, and on the ability of individuals or
systems to anticipate and adapt. This adaptive capacity depends on the culture or marginalization
and on reactive or anticipatory actions by individuals or public institutions. Similarly, the level of
vulnerability varies between demographic groups within society. Generally, the poorer and less
empowered individuals are more vulnerable to climate impacts, and the vulnerability of fisheries
is likely to be higher where they already suffer from overexploitation or overcapacity. (Cochrane et
al., 2009)

Options to increase resilience and adaptability through improved fisheries and aquaculture
managementinclude the adoption of standard practices of adaptive and precautionary management.
Aquaculture insurance is one of the options for frequent severe weather events. Strategies for
reducing vulnerabilities of fishing and fish farming communities have to address measures including
investment and capacity building on improved forecasting; early warning systems; safer harbours
and landings; and safety at sea. More generally, adaptation strategies should promote disaster risk
management, including disaster preparedness, and integrated coastal area management. (Daw et
al., 2009)

The socio economic index approaches have been introduced to lead sustainable farming and livestock
systems. These indicators can be modified and used to monitor the fisheries sector performance
as well to scale up the adaptation activities of Sri Lankan fishermen. Researchers have identified
social stability, economic stability and environmental stability as the essential components of such
indicators. The input management, natural resources management, wellbeing of farm community
and overall sustainability are measured by these indicators. These could also be adapted to the
fisheries sector.

Further, some studies have shown that although the communities have adapted to climate change
throughout history, projected climate change includes multiple additional risks to fishery dependent
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communities that might limit the effectiveness of past adaptive strategies. Therefore, some
adaptation strategies will require to be context and location specific and to consider impacts both
short-term (e.g. increased frequency of severe events) and long-term (e.g. reduced productivity
of aquatic ecosystems). Adaptation of communities will clearly require and benefit from stronger
capacity building, through creation of awareness on climate change impacts on fisheries and
aquaculture, promotion of general education and targeted initiatives in and outside the sector. (Daw
etal.,2009)

How The Link Should Perform

A practice is required consisting of multi sectorial methods. In this regard, the socio economic
knowledge should be coupled with scientific actions. The link needs to be built in many prominent
areas. One such area is scientific weather forecasting and dissemination.There is a dire necessity
to fill this communicating gap in scientific climate information systems. People should be given
accurate details via proper channels which have easy access and reliability etc. This increases the
adaptation capacity of the fishermen.

The concept of sustainable fishery should be practiced with available farm assets with technology.
In the same time, the socio economic wellbeing should be improved with introduction of livelihood
improvement activities like differentiation of incomes, entrepreneurship development etc. In this
regard, micro credit facilities, investment opportunities, gender based economic activities like
processing maldive fish and infrastructure development are essential. Some of these things have
already started in Sri Lanka. However, building awareness and resilience via suitable adaptation is
needed to improve. In this regard, location specific characters should be identified in both scientific
and socio economic parameters. The culture and historical background are important in such
mobilizations.

Education and extension are major components of the socio economic approach. The fishermen
need to be aware about the scientific methods and advance management practices to withstand the
losses and damages. This link could help them to be more updated.

Fishermen need tointroduce good management practices to prevent the possible quality and quantity
losses. At the same time, knowledge in financial management and business is important. The youth
need to be provided training and more opportunities to get the technology and available practices
to catch export markets. In this regard, as a socio economic approach, the fishing community based
organizations need to be provided training sessions on packaging, quality assurance, value addition
etc.

Community mapping can be done based on the vulnerability levels by considering both geological
and socio economic characteristics. The proposed socio economic indicators are important in this
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regard. This could help to identify the needy people and establish small villages with different
production levels,

Conclusion

The socio economic approach and scientific approach should link to avoid the potential climate
change impacts on fisheries sector and people. This will help them to withstand the possible income
losses due to production loss, high cost and loss of original livelihoods.
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As an island nation, Sri Lanka is deeply conscious of the impacts of climate change and it is already
experiencing its adverse impacts. Climate change is a security concern because it brings groups
with existing tensions into contact, changes the scale of problems and reduces resilience/adaptive
capacity. It can put stress on top of other stresses, interrupt straight-line projections such as those
for water and energy, and start chain reactions in multiple systems.

Introduction

The climate of a region or a city is its typical or average weather. For example, the climate of Puttalam
in Sri Lanka is sunny and warm, but, the climate of Antarctica is freezing cold. Earth’s climate is the
average of all the regional climates of the world. Climate change, therefore, is a change in the typical
or average weather of a region or a city. This could be a change in a region’s average annual rainfall
or it could be a change in a city’s average temperature for a given month or season .Climate change
is also a change in Earth’s overall climate. This could be a change in Earth’s average temperature or
it could be a change in Earth’s typical precipitation patterns *.

Climate change is increasingly recognized as having national security implications, which has
prompted dialogue between the climate change and national security communities, with resultant
advantages and differences. Climate change research has proven useful to the national security
community sponsors in several ways. It has opened security discussions to consider climate as well
as political factors in studies of the future.

It has encouraged factoring in the stresses placed on societies by climate changes to help assess the
potential for state stability, and it has shown that changes, such as increased heat, more intense
storms, longer periods without rain, and earlier spring onset, call for building climate resilience
as part of building stability. For the climate change research community, studies from a national
security point of view have revealed research lacunae, such as the lack of usable migration studies.
This has also pushed the research community to consider second- and third-order impacts of
climate change, such as migration and state stability, which broadens discussion of future impacts
beyond temperature increases, severe storms, and sea level rise and affirms the importance of
governance in responding to these changes. The increasing emphasis in climate change science
toward research in vulnerability, resilience, and adaptation also frames what the intelligence and
defense communities need to know, including where there are dependencies and weaknesses that
may allow climate change impacts to result in security threats and where social and economic
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interventions can prevent climate change impacts and other stressors from resulting in social and
political instability or collapse. At the same time a coalition of 25 military and national security
experts, including former defense advisers, has warned that climate change poses a “significant risk
to US national security and international security?.”

The Secretary General of NATO Jens Stoltenberg in an interview with POLITICO magazine, stated
that “climate change is in fact a security risk, and an issue to consider in the context of conflict
prevention, peace and stability®”

Climate Change and National Security

National security is the ability to preserve the nation’s physical integrity and territory“.It is the
requirement to maintain the survival of the state through the use of military, political, economic
power and diplomacy. After the cold war, with new global structure and rising tide of globalization,
environmental degradation has opened new facets of security. Focused away from the military
power (or traditional security), as the core determinant of international order and security, modern
security (non-traditional security) came up with new main elements® such as:

) Energy security
. Food security

. Health security
. Human security
. Water security
. Climate change

However, according to Mely Caballero-Anthony, Non-traditional security threats may be defined as
“challenges to the survival and well-being of peoples and states that arise primarily out of nonmilitary
sources, such as climate change, cross-border environmental degradation and resource depletion,
infectious diseases, natural disasters, irregular migration, food shortages, people smuggling, drug
trafficking, and other forms of transnational crime.”

Relativity Between Climate Change and National Security

Climate change is a risk to global security because it increases vulnerability in infrastructure,
agriculture, energy and other factors®. The security consequences of climate change will be
determined by how it affects and interacts with local political, social, and economic conditions as
much as by the magnitudes of the climatic shift itself.

Academic researchers have been debating the links between climate change and conflict for
decades. A changing climate will increase vulnerability by exacerbating tensions related to water
scarcity and food shortages, natural resource competition, underdevelopment and overpopulation.
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It acts as an accelerant of instability, which may lead to violence. These disruptions will burden
civilian and military institutions around the world.

The Global Security Defense Index on climate change evaluates the extents of governments in
considering climate change to be a national security issue. The Index analyzes how governments
around the world and their militaries plan for and anticipate the strategic threats of climate change.
According to the authors, the results show that over 70% of the nations in the world view climate
change as a serious national security issue. To arrive at such a number the American Security Project
(ASP) divided the countries into four groups: 1.Countries which definitively state that climate change
is a national security threat. 2. Countries that label climate change as an environmental issue. 3.
Countries that have not defined it as a concern. 4. Countries for which there is no information
available (Fig. 1).

Gigeri= Clirmateis & natlonsl wecuritythreat
telkow — Climate s an envirommenial issue
Red = Climsne iz nat 3 defined eoncein
Grey — No informationavailable

Climate Change is a National Security Threat - 110 out of 155* - 71% of countries
Climate Change as an Environmental Concern - 32/155* - 21% of countries
Climate Change is Not a Defined Concern - 13/155* - 8% of countries

No Information Available - 41/196* - 21% of countries

Figure 1 : Level of concern about how climate change threatens security
Source: Global Security Defense Index on Climate Change

Climate Change and Sri Lanka
Sri Lanka is an equatorial island with a total area of 65,610 km?, a land area of 62705Km?, Inland

water of 2905 Km? and a coastal area of 1660 Km?, which hosts many diverse endemic species, and
is considered to be a biodiversity hotspot’2,
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Vulnerable areas to climate change in Sri Lanka are identified as Agriculture, Water Resource,
Human Health, Coastal Zone, Tourism, Forestry, Wildlife, Biodiversity and Ecosystem?®, Based on
information available on the people, assets and infrastructure affected by natural disasters during
the period 2012-2017, the figures below clearly identify floods, drought, storm, landslide events as
the most common natural disasters in Sri Lanka. (Table 1)

Table 1 : Informations reported on the natural disaster hazards in sri lanka
from 2012 .01.01 to 2017.03.01

Event Deaths | Injured | Missing | Houses Houses | Affected No. No. of
De- Damaged Families | people
stroyed Affected | in the
camps
Coastal Erosion 0 0 0 15 10 153 22 103
Coastline 0 0 0 4 42 734 179 0
Cutting Failure 21 22 0 69 690 15365 3931 5265
Cyclone 0 0 0 33 141 32 0
Drought 0 0 0 0 4588650 | 1316176 |0
Drowning 78 8 13 0] 0 53 21 0
Earth Slip 6 9 7 44 87 2445 936 0
Flash Flood 4 2 0 69 618 5881 1592 2
Flood 103 &3 4 6707 29775 2498381 | 663239 352613
Ground Vibration | 0 0 0 0 1 2 1 0
Land Subsidence |3 1 0 0 1 0 0 0
Landslide 106 21 148 344 2282 48906 12912 13184
Lightning 140 71 0 8 80 469 120 0
Rains 3 154 0 90 1181 13088 3789 100
Rock Fall 2 4 0 8 33 443 141 43
Storm 0 0 0 2 32 0 0 0
Strong Wind 84 114 30 2918 18970 262776 | 69878 1858
Subsidence 0 0 0 0 33 220 56 178
Surge 0 0 0 3 0 15 3 0
Tidal Wave 2 1 3 0 0 19 3 0
Tornado 0 0 0 25 100 374 106 0
TOTAL 642 628 208 10753 54285 7471596 | 2082934 | 373642

Source — DMC, Disenventar - 2012 .01.01 t0 2017.03.01
As per the information available, 642 people died during the last five years and 212 deaths were

reported by a DMC situation report dated 9th June 2017. Other than that, Sri Lanka was one of the
countries struck by the Tsunami with a reported 30,196 confirmed deaths'".
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Considering the situation in the country, tri-forces commanders of the Sri Lankan armed forces had
taken the challenge during the floods that resulted from a heavy southwest monsoon, beginning
around 18™ to 19" May 2017. The Sri Lankan armed forces initially deployed nearly 10,000 personnel
and equipment for relief, help and rescue operations. This is the biggest deployment of troops
during peace time in Sri Lanka (Figure 2).

The SriLanka Army deployed more than 1700 Army personnel of 17 Battalions, including Commando,
Special Forces, Mechanized Infantry and Army medical personnel. BTRs, WMZs troop carriers and
30 Army boats and other machinery were deployed by the Army for the rescue operations. The
Army also deployed sandbags for flood defenses. The Sri Lanka Navy deployed over 110 search-and-
rescue teams comprising 776 naval personnel along with 116 relief boats. The Navy began rescue
work along the Kelani River by 19th May 2017. The Sri Lanka Air Force deployed Mil Mi-17s, Bell
212s, and Bell 412 helicopters to rescue the affected in all areas. Flights involving B200 Beach craft
were deployed for continuous reconnaissance /observations over affected areas'?. At least, 77,000
people were evacuated from the floods and relocated to safe locations. Sixteen hospitals in the
flood-affected areas were also evacuated. Not only the Sri Lanka, but also other militaries around
the world have taken the matter seriously.

Fig 2: Rescue operations by the armed forces

Climate change is predicted tostrain economies and societies around the world, placing an additional
burden on already vulnerable areas of a nation and putting pressure on development. Sri Lanka has
shown progress during the past years in Fragile State Index, and rising towards sustainability, but
climate change can badly affect its pathway to achieve the sustainable development goals by 2030.
Climate change will change the nature and doctrine of military missions in future. Considering
climate change security threats that Sri Lankan military and militaries around the world are taking
seriously, subjects such as disaster management, casualty evacuation and rescue missions will
be inserted into military academic discipline. Assessing of climate change impacts on economic
security, food security, health security, human security, water security, political stability and social
security characterizes the contemporary challenge to the national security.
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The controversial decision by the United States Government to withdraw from the Paris Climate
Agreement attracted strong responses. The decision was not endorsed even by the traditional
allies of the US such as EU and Britain. Moreover, it provoked a defying stand by some sections
of US citizens, politicians and business community. This article examines the key implications of
the US decision on global efforts to mitigate climate change.

Politics of Climate Change

In a world where all kinds of human affairs are influenced by politics, common challenges faced by
humanity also are viewed, interpreted, and promoted (or suppressed) along the lines of personal or
group interests. Individuals/groups with conflicting interests contest for power, with the objective of
enforcing solutions for common problems that fit their agendas. Climate change is not an exception.

Climate change used to be a politically sensitive subject, despite its strong scientific discourse,
aimed at understanding complex dimensions of the phenomenon. Even though climate change is
yet to become a priority in national politics of developing countries like Sri Lanka, it has emerged as
a divisive issue in some developed countries. The latest, and perhaps the most compelling, episode
in politics of climate change is now unfolding in the USA.

Broadly, the debate over climate change extends over a wide range of opinions. The spectrum of
opinions ranges from the strong advocates at one end—who identify climate change as a major
challenge faced by humanity—through various layers of proactive groups, to those who suspect
or deny climate change at the other end. Even among those who believe that climate change may
actually be happening, some do not accept that human actions are the major cause for it. There are
disagreements over what actions should be taken and who should take the main responsibility for
those actions even among the advocates of climate action.

Climate Negotiations and Global Politics
From the beginning, politics played a strong role in global negotiations on climate change.
Differences in opinion and disagreements over climate action remained the major stumbling

block in negotiations on Kyoto Protocol, sponsored by the United Nations Framework Convention
on Climate Change (UNFCCC). Under the Kyoto protocol, negotiations were aimed at assigning
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greater responsibility in emission reductions to developed countries classified as Annex 1 countries,
based on their high per capita emission levels and historical responsibility for the buildup of the
greenhouse gasses in the atmosphere. However, this strategy failed due to the resistance from
certain Annex 1 countries. During the process of Kyoto Protocol negotiations, the US—the second
largest emitter in terms of total emissions (next to China) and the largest historical contributor to the
buildup of GHG during the period of 1850-2011—remained uncommitted (World Resource Institute
2017). The dissenting parties argued that without the commitment from other large emitters such
as China and India, GHG reduction efforts would fail to achieve desired results. This argument has
been countered by developing countries on the grounds of responsibility of Annex 1 countries to
the historical buildup of GHG emissions, and comparatively low per capita emissions originating
from developing economies. While the arguments from both sides had some elements of truth,
resulting disagreements caused the negotiations to drag on without a significant result. Even among
developing countries, there was no consensus about the issue, since countries were impacted by
the issue in different ways. For instance, oil producing countries ignored calls for climate actions,
since the reduction of GHG emissions implied phasing out fossil fuel as a source of energy, replacing
it with renewable sources of energy. This meant loss of income for oil producing nations which led
to strong resistance of the Kyoto Protocol from these countries

Paris Climate Agreement (PCA) in 2015 has become an important milestone in this process, where
the negotiating parties made a breakthrough with the contribution of USA. The parties agreed to
accept the global responsibility of GHG emissions and to identify the necessity of controlling global
average temperature at least below 2 degrees Celsius than the average of the pre-industrial era. To
reach this goal, all parties are expected to commit through Nationally Determined Contributions
(NDCs). In this process, major emitters like US under the leadership of President Barrack Obama
committed to this agreement. In this backdrop, the recent decision of President Donald Trump
to withdraw USA from the PCA sparked a major controversy. It has fundamentally disturbed the
political equilibrium achieved in Paris in 2015.

US Withdrawal from Paris Agreement

Like many of the decisions taken by the Trump Administration, the decision to exit from PCA was
also mired in controversy and attracted strong responses. Among the declared reasons for the
withdrawal was the argument that PCA has imposed burdens on US workers and taxpayers, while
creating benefits to other countries. However, this argument has not been backed by strong
evidence. Threat of job losses in fossil fuel industries such as coal, due to increased push towards
renewable energy, appeared to be a major underlying justification. Also, the USA has become a
major oil producer during the last decade, using the technological innovation called “fracking’ that
helps to extract oil from hitherto untapped sources. Moreover, the President complained about
the burden on tax payers due to USS 3 billion commitment to Green Climate Fund, of which USS 1
billion has already been paid by the previous Obama Administration. President Trump has called for
renegotiation of terms of agreement, if the USA is to continue with it.
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It is a known fact that conservative Republican administrations in the USA are usually averse to
climate action, unlike liberally oriented, Democratic administrations. The Trump administration, a
Republican administration, appears to be taking an extreme position even for conservatives. Going
beyond the withdrawal from PCA, the administration has taken a controversial stance by challenging
the credibility the of growing body of scientific evidence from climate change studies, embracing
the views of climate change sceptics. A number of important government positions, such as the
Head of Environmental Protection Agency (EPA), were filled with climate change sceptics. It seems
that resistance to climate action originates from a general aversion towards global and multilateral
commitments, including trade agreements considering them as a kind of zero-sum game. President
Trump entertained strong views against multilateral agreements from campaign days, claiming that
these were responsible for job losses to US workers, creating monetary burdens to US tax payers.

Predictably, the decision to withdraw from PCA attracted strong resistance and criticism. They
mainly arose not from purported ‘beneficiaries’ (as claimed by Trump allies) such as China, but
from parties within the US and its traditional allies such as the European Union (EU). Strong
resistance and counter arguments have emerged from within the USA itself against the decision,
and it is said that even sections within the Trump Administration are divided over the issue. A
major faction within the corporate sector, publishing a full page public request in major newspapers,
urged President Trump not to abandon the PCA. The companies involved included such giants as
Apple, Microsoft, Intel, Facebook, Google, Adobe, Morgan Stanley, Levi Strauss, HP and Unilever.
Well-known businessman and philanthropist Michael Bloomberg publicly declared the intention to
contribute US commitments to PCA through collecting funds from the corporate sector and civil
society sources, within hours of the President’s statement about the withdrawal. The media was
flooded with articles criticizing the move and many members of the scientific community came
forward to express their dissatisfaction.

In spite of the federal government’s decision to withdraw from the PCA and to reverse many
national initiatives on climate change, a number of state governors and city mayors have pledged
their commitment to continue with Paris Agreement targets. Governors of California, New York, and
Washington announced the establishment of United States Climate Alliance (USCA) to work towards
a low carbon economy without the federal support. Since then it has grown into a bi-partisan
coalition, partnered by 13 states and self-governing territories, comprising of both Democratic and
Republican States. These States jointly represent more than one third of US population, USS 7.16
trillion of US GDP and 1.3 million clean energy jobs. The three principles upon which the USCA
was formed were: States are continuing to lead on climate change; State-level climate action is
benefitting economies and strengthening communities; and, States are showing the nation and the
world that ambitious climate action is achievable. Joining the dissenting Governors, a group of over
200 mayors identified themselves as ‘Mayors’ National Climate Action Agenda’ came forward to
denounce the federal government’s decision, indicating their desire to intensify efforts to meet city
level climate goals and push for new actions to meet the 1.5 degrees Celsius target.
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President Trump’s demand for renegotiation has largely been ignored even by traditional allies such
as EU leaders. This was reflected in cold-shouldered response he received in his first G7 meeting,
where other major leaders reaffirmed their commitment to PCA, isolating the USA. Leaders of
France, Germany, and Italy publicly responded to the decision on withdrawal expressing ‘regret’
while rejecting the demand for renegotiation. Some experts pointed out that during the course of
negotiations the agreement has been designed to meet US demands so that USA need not resist.

Possible Consequences of US Exit from PCA

The most important questionis how the US withdrawal would affect the globalagendafor combatting
the climate change. On one hand, the USA is the second largest emitter of GHGs, with the second
highest per capita emission level. It has been a main contributor to global buildup of GHG emissions
since the industrial revolution. On the other hand, the USA is the incumbent global super power
with the highest economic, military and scientific capabilities to confront any global challenge. Asa
global leader, it has the capacity to influence decisions taken by other nations too. Both these facts,
count heavily when considering the impacts caused by the US" withdrawal.

Under the Obama Administration, the USA committed to reduce GHG emissions by 26-28% from
2005 level in 2025. To achieve this target, they planned different strategies of emission cuts that
required significant innovations in low carbon technologies. Besides the direct benefit from low
emissions in the atmosphere, efforts to achieve these targets expected to bring in significant
advances in low carbon technologies that would benefit other nations as well. Hence, the absence
of the leadership US could have provided in the technology frontier would be a definite setback.
Besides abandoning emission reduction efforts, Trump Administration is apparently planning to
expand fossil energy production through various means that can further increase current emission
levels. It is also unlikely that US will fulfill its pledge to provide the remaining USS 2 billion to GCF.
This would adversely affect adaptation efforts by vulnerable communities in many developing
countries for whose benefit the fund was established. Hence, the reversal of US stance on PCA could
have direct and indirect effects on global efforts on climate change. Even though some sections of
US corporate sector and state governors expressed their commitment to PCA, their efforts cannot
be expected to neutralize all the negative effects of Federal Government actions.

However, despite the clout of USA in the international politics, the Trump administration has
apparently failed to influence the global community to rally around it. This has undermined the
US’ position as a global power, a negative result in the international political arena. Observers in
international politics commented that this could harm US position in the world political order, a kind
of ‘abdication’ of leadership at a critical time of global transition.

However, there are other uncertainties too. The US will remain a part of the United Nations
Framework Convention on Climate Change despite its withdrawal from implementation of the
non-binding commitments to Paris accord. Any party to the agreement has to remain for at least
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three years before starting the withdrawal process. This date comes on Nov. 5, 2019 and the official
process of withdrawal takes about one year, making Nov. 5, 2020 the earliest date of US official
withdrawal. There are more than 3 years before this date, a sufficient time to many changes in
global scenario under huge uncertainties associated with global politics as well as climate change.
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Climate change is significantly affecting the coastal and marine areas as well as their sensitive
ecosystems. Rising sea level, increases in sea water temperature, ocean acidification are some of
the major challenges due to the climate change.

Climate change, is defined by the Intergovernmental Panel on Climate Change (IPCC) as “any change
in climate over time, whether due to natural variability or as a result of human activity (IPCC, 2000).
Climate change is causing significant challenges to vulnerable coastal and marine areas as well as to
the function and structure of their ecosystems. It is believed that climate change and its effects on
the world were very significant in the past decade and will be further increased over the next 100 years.

In coastal regions, the biggest danger is that climate change is causing sea levels to rise rapidly.
Global sea level rise is largely attributable to the thermal expansion of the oceans and the melting
of glaciers and polar ice sheets resulting from a warming atmosphere. IPCC reported that, global
average sea level rose 1.7 mm/year during the 20" century, 1.8 mm/year between 1961 and 2003,
and 3.1 mm/year between 1993 and 2003 (IPCC, 2007). If sea level rise occurs with greater and
more frequent storms, coastal flooding and erosion problems will occur in vulnerable coastal areas.
Further, rising sea levels will inundate coastal wetlands, barrier islands, and other low-lying lands.
Inundation, erosion, and flooding will threaten human health, coastal property, and disrupt various
types of infrastructure as well as coastal ecosystems. Any damage to these ecosystems will, in turn,
affect the biological, ecological, and physical services they provide. The amount of light reaching
offshore plants and algae dependent on photosynthesis could be reduced as a result of increased
sea water level. Human and ecosystem populations will also suffer from a loss in quantity and
quality of freshwater as saltwater intrudes in to estuaries, marshes, rivers, and aquifers. The growth
of mangrove ecosystems, which require stable sea levels for long-term survival will also face threats.
In the United States of America, approximately 86% of the United States east coast barrier beaches
have experienced erosion during the past 100 years. Widespread erosion is also well documented
in California and the Gulf of Mexico.

Increasing air temperature will in turn lead to warmer conditions in both marine and fresh water
systems. In addition to their role in sea level rise, increases in water temperature will impact the
quality of coastal and marine waters and living resources. These changes will ultimately affect the
species distribution, metabolism, life cycle, and behavior of marine species. For many species,
temperature serves as a cue for reproduction and any changes in sea water temperature could
affect their successful breeding and threaten population survival. Warming seas will increase the
incidence of coral bleaching, hypoxia, pathogens and disease, harmful algal blooms, and invasive
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species. Ecosystems, habitats, and species will be weakened or lost. It is reported that, since the
1970s, coastal water temperatures have risen by about 0.6°C in several regions (IPCC, 2007). The
coastal communities who make their livelihoods based on these vulnerable resources, such as
fisheries or tourism will face severe social and economic problems.

Asthe oceanisthe greatestabsorber of carbon dioxide in the atmosphere, the increased greenhouse
gases will make changes in the chemistry of the ocean. Ocean acidification is the result of increased
absorption of carbon dioxide by ocean water and the corresponding decrease in pH. According
to IPCC, globally, the pH of seawater has decreased significantly (0.1 units) since 1750, making it
more acidic (IPCC, 2007). As seawater becomes more acidic, fish, squid, and other gilled marine
animals may find it harder to “breathe”. And increased levels of carbon dioxide in the sea water
makes availability of calcium carbonate decreased for corals, shellfish, and other sea life to build
their shells and skeletons. Threats to these ecosystems and species will be wide-ranging across the
marine food web and associated coastal communities.

The challenge of climate change effects on coastal resources needs to be addressed through
integrated and ecosystem-based approaches and instruments, such as Integrated Coastal Zone
Management (ICZM). ICZM mainly focuses on three operational objectives:

* Strengthening sectoral management through training, legislation, and staffing
* Preserving and protecting the productivity and biological diversity of coastal ecosystems, mainly
through prevention of habitat destruction, pollution, and overexploitation

e Promoting rational development and sustainable utilization of coastal resources (ESD,1996).

More importantly, public awareness of coastal resources and the adverse impacts of climate change
should be increased. The changes on coastal and marine environment should be continuously
monitored and adaptation plans developed in order to guarantee the stability and security of the
coast. The government should prepare an exploitation and utilization plan, make polices for scientific
management, and especially strengthen law enforcement for coastal protection. New zoning can be
introduced to protect high risk land uses and environments and prevent development activities in
environmentally sensitive or risky areas.
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Climate related changes, such as warmer temperatures and changes in the chemistry of the oceans
threaten entire marine ecosystem including shellfish. The ocean is known as a “Carbon sink”, or an
area where excess carbon can be removed from the atmosphere, absorbing about 30% of carbon
dioxide emissions. Ocean acidification results from carbon dioxide in the atmosphere dissolving in
the seawater and reduction in the pH of sea water for an extended period of time due primarily to
the uptake of carbon dioxide from the atmosphere by the ocean. About one-quarter of human-
generated carbon dioxide emissions have been absorbed by the ocean. As a result, the average
acidity of the surface ocean has increased about 30 percent since 1750. Today’s ocean acidification
is important not only for the amount of the change that has occurred thus far but also for how
quickly it is happening. The rapid pace changes gives marine organisms, marine ecosystems and
humans less time to adapt, evolve or otherwise adjust to the changing circumstances (EPA, 2015,
https://www.epa.gov/cira/climate-action-benefits-shellfish, Access date:2017/08/18).

Many life processes, including photosynthesis, growth, respiration, recruitment, reproduction and
behavior are sensitive to carbon dioxide and pH. As a result, ocean acidification has the potential
to affect a wide range of organisms in different ways (Gzeau et al;2007). Most of the marine
shellfish are vulnerable to ocean acidification by virtue of their dependency on the mineral calcium
carbonate to make shells, skeletons and other hard body parts. Shellfish such as oysters, clams,
scallops, mussels, abalone, crab, geoducks, barnacles, sea urchins, sand dollars, and sea stars have
calcareous shells. Even some sea weeds that produce calcium carbonate structures are affected
by ocean acidification. Organisms that use carbonate and calcium ions dissolved in seawater to
construct their shells and skeletons are known as calcifiers. As a result of increase of carbon dioxide
concentrations in the sea water, the availability of carbonate ions decreases making it more difficult
for calcifiers to form, build, and maintain calcium shells and other calcium based body parts.
Decrease of the carbonate ions in the sea water in low level results in seawater being chemically
corrosive to calcium carbonate (Figure 1). Some calcifiers will therefore experience greater difficulty
in making or maintaining their shells, slower growth rates and higher mortality. Shellfish juveniles
and larvae are especially vulnerable to ocean acidification. (https://www.epa.gov/cira/climate-
action-benefits-shellfish, Access date:2017/08/18)

48



Figure 1: Ocean Acidification Impact Pathway for Shellfish
(Source: United States Environmental Protection Agency,
https://www.epa.gov/cira/climateaction-benefits-shellfish)

As an example for the impact of ocean acidification, in the USA between 2005 and 2009 a disastrous
production failure of oysters in North Western oyster hatcheries can be shown. During the period
between 2005 and 2009, several major commercial Pacific Northwest oyster hatcheries experienced
disastrous production failures when billions of oyster larvae, mysteriously died. It was signaled as a
shift in ocean chemistry that has profound implications for Washington’s marine water. Researchers
revealed the cause; the arrival of low pH sea water along the West Coast, which created conditions
corrosive to shell forming organisms like young oysters due to ocean acidification (Figure 2,3).
Also wild oysters in Willapa Bay, Washington, have failed to reproduce successfully because
corrosive waters have prevented oyster larvae from forming shells. Other wild oyster beds in the
Pacific Northwest have sustained losses in recent years at the same time that scientists have been
measuring alarmingly corrosive water along the Pacific coast. Ultimately supply for the shellfish will
decrease by the end of the century influencing economic impacts in this sector (Ocean Acidification:
From Knowledge to Action, 2012).

g -

Figure 2: Impact of ocean acidification on oyster larvae and oyster reefs
(Source: Ocean Acidification: From Knowledge to Action, 2012)
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Figure 3 : Some examples of Puget Sound calcifiers (clockwise from upper left):
blue mussels; juvenile king crab and pink calcifying algae;Dungeness crab.
(Source: Ocean Acidification: From Knowledge to Action, 2012)

Impact of ocean acidification on calcifiers also affect other marine organisms and marine environment
in different ways. Many calcifiers provide habitat, shelter and food for a variety of plants and animals.
While scientists have primarily studied the direct effects of ocean acidification on laboratory algae,
plants, and animals, indirect effects mediated by food webs or changes in species interactions can
also be important. For example, young salmon consume pteriods, and people consume salmon
which consequently declines in the abundance of pteriods that could indirectly affect people by
changing the number of salmon available for humans. Some animals, known as keystone species,
are of particular interest because their fates can determine the fates of whole communities.

Ocean acidification presents a significant challenge to marine environment and economy of many
countries inthe world depending on the fisheries and tourism industry, but it can be met by reducing
carbon dioxide emissions, the most significant driver of ocean acidification. The reduction of local
land-based contributions to ocean acidification, reducing inputs of nutrients and organic carbon
from local sources can decrease the acidity in marine waters to minimize the impact of ocean
acidification on marine organisms. The report on Climate Change in the United States: Benefits of
Global Action published by EPA (EPA, 2015) described a selection of the estimated benefits of global
GHG mitigation in 2100 for major U.S. sectors. According to this report, in 2100 it avoided a loss of
approximately 34% of the U.S. oyster supply, 37% of scallops, and 29% of clams and avoided loss of
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approximately 35% of current Hawaiian coral in 2100, with a recreational value of $1.1 billion.
Dueto a lack of information on marine research on ocean acidification on calcifiers and other marine
living resources in Sri Lanka, there is a lack of information on the scenario of ocean acidification of
the marine environment. Therefore, it highlights the need for scientific research on the marine
environment to study ocean acidification and it’s impact on shellfish and other marine organisms.
References
Ocean Acidification: From Knowledge to Action, 2012. Executive Office, Washington Department of
Ecology, P.O. Box 47600, Olympia, WA 98504-7600. https://fortress.wa.gov/ecy/publications/
SummaryPages/1201015.html. Access date: 2017/08/18.

https://www.epa.gov/cira/climate-action-benefits-shellfish, Access date: 2017/08/18.

EPA, 2015. Climate Change in the United States: Benefits of Global Action. United States Environmental
Protection Agency, Office of Atmospheric Programs, EPA 430-R-15-001.

Gzeau, F., Quiblier, C., Jansen, J. M., Gattuso, J, Middelburg, J. J., and Heip, C, H., 2007.Impact of elevated CO2
on shellfish calcification. Volume 34 (7).

51



Environmentally Sustainable Transportation (EST) in Sri Lankan Context
S.M.D.J.T. Jayatilake

Vehicle Emission Testing Programme, Department of Motor Traffic
jananijayatilake @ymail.com

Mobility is an essential human need and transport plays a major part in economic and social
development. Environmentally Sustainable Transportation (EST) is a concept that could help
safeguard our environment while fulfilling transport needs. In present day, there is a tendency for
vehicle users to adapt environmentally sustainable practices. This needs to be reflected in policy
making by considering consumer choices with proper policies and legislations to improve the
driver behavior techniques to reduce fuel consumption while improving the road safety.

Introduction

Human survival and societal interaction depend on the ability to move people and goods. Efficient
mobility systems are essential facilitators of economic development. Cities could not exist and
global trade could not occur without systems to transport people and goods cheaply and efficiently
(WBCSD, 2002).

Thus, transportation plays a key role in economic and social development. Nevertheless, it has
many spill-over effects such as congestion, safety, pollution and non-renewable resource depletion.
More importantly, this contributes to global warming, accounting for a large and growing share
of greenhouse gas (GHG) emissions worldwide (Harrington & McConnell, 2003). Rising fuel prices
and growing environmental concerns among consumers are encouraging vehicle manufacturers to
expand their portfolios of small vehicles and shift production to cleaner and efficient technologies
such as hybrid electric automobiles, which has been a promising trend for future industry growth
through EST concepts.

Currently, the transport sector consumes about one half of the world’s oil production, the bulk of
which is motor fuel. Transport predominantly relies on a single fossil resource, petroleum, which
supplies 95% of the total energy used by world transport. In 2004, transport was responsible for
23% of world energy-related GHG emissions with about three quarters coming from road vehicles.
Over the past decade, transport GHG emissions have increased at a faster rate than any other
energy using sector (Ribeiro et al., 2007). This has increased contribution of vehicle emissions to
climate change. In this order of significance, the principal GHGs associated with road transport
are carbon dioxide (CO,), methane (CH,) and nitrous oxide (N,O). Road transport also remains the
main source of many local emissions including carbon monoxide (CO), nitrogen oxides (NO,) and
particulate matter (PM). Within urban areas, the percentage of contribution due to road transport
is particularly high.
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Given the likely growth of the world vehicle fleet, the problems of global warming and urban air
pollution will almost certainly need to be addressed by making a long-term shift away from oil as
the universal energy source for transportation. However, designing a new generation of resource-
efficient, environmentally sustainable vehicles is one of the most challenging technological problems
faced by the industrialized world. Most of the major automakers around the world are responding
to this challenge and are actively developing more efficient conventionally fueled vehicles as well as
so-called alternatively fueled vehicles. The latter are variously powered by fuels or electric batteries
or hydrogen. In all cases, the vehicles have electric drives, meaning they are ultimately driven by
electric motors, cutting down the emissions.

Motor Vehicle Trend in Sri Lanka
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Figure 1: Motor vehicle trend in Sri Lanka in 2004-2013 (DMT)

According to the Central Bank Report (2013) it is predicted that a sustainable transportation system
will provide a high quality urban environment and a better quality of life for people in the country.
This will also provide forward and backward linkages to the development processes such as major
highway projects and roads and bridge development projects by facilitating the movement of people,
goods, and economic growth. Before the introduction of unleaded petrol to the Sri Lankan market, it
was observed that the levels of Total Suspended Particulate (TSP), SOx, O, and Pb were significantly
higher than air quality standards recommended by the World Health Organization (WHO) and the
Central Environmental Authority (CEA) in Sri Lanka.

The role in petrol and diesel fuel reformulation has a direct impact on vehicle emissions, in the
context of the vehicle population of Sri Lanka. Further improving fuel quality can also make possible
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the adoptions of more advanced vehicle emission control technologies such as:

1. Use of catalysts, on light duty petrol engine vehicles, in conjunction with unleaded petrol
2. Adoption of EURO technologies, on diesel engine vehicles, in conjunction with low sulphur
diesel fuel (with sulphur below 500 ppm).

The adoption of EURQ, with a diesel fuel quality, together with unleaded petrol, would reverse the
observed emission increase trend due to the significant growth of vehicle population in Sri Lanka.
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Figure 2 : Vehicle registration trend according to fuel wise in 2000-2015, (DMT)

According to the Department of Motor Traffic (DMT) records, it is seen that there is a significant
increase in the new registrations of hybrid vehicle market during 2011 to 2015, and 79,949 hybrid
motor cars have been added during this period (see Figure 2). Further it is seen that electric vehicles
have been introduced to the Sri Lankan market, and according to new registration statistics of DMT,
3361 electric motor cars have been added to the current vehicle fleet as new registrations during
2006 to 2015. This is mainly due to the vehicle taxes and rules for the imports which encouraged

the promotion of green vehicles.
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Vehicle Taxes and Rules for Vehicle Imports in Sri Lanka

The proper taxation of road fuels must balance a number of conflicting objectives. In addition to
the revenue-raising reasons, road users are taxed to cover the cost of road use and environmental
damage caused by vehicles. Fuel excise duties are the simplest way to charge for road use, as they
are distance-related charges. They are similarly the simplest way to charge for pollution. Sri Lankan
vehicle taxes are concentrated at the point in time when vehicles are imported. Vehicle import taxes
are substantial and can even double the cost of vehicles. Excise duties on imported diesel cars and
diesel-powered dual-purpose vehicles vary other than for petrol versions of the same vehicles.

In addition, there are strict rules on the age of second-hand vehicles which can be imported into Sri
Lanka. Earlier, motor cars could be up to three years old when imported and dual purpose vehicles
up to five years old. These rules affect the choice of vehicles because the price of vehicles falls with
their age and therefore, imported vans could be considerably cheaper than cars (It is assumed that
total mileage driven is related to the age of vehicles). Recently, the regulations changed and these
only allowed cars to be imported which were one year old. However, after considering the views of
the used vehicle importers and the public, the Government of Sri Lanka (GOSL) has increased this
to two years, while commercial vehicles age limit has been increased from three and a half years
to four. As for hybrid and electric vehicles, before 2015 Government has cautiously kept duty rates
comparatively low even after the recent revision.

In order to encourage low income families to purchase a motor car to improve their living standards,
it is proposed to reduce the taxes applicable on the motor cars, with engine capacity less than
1,000cc, by around 15%. The present tax structure on motor vehicles has created an unhealthy
disparity between hybrid and normal motor cars. Several budget proposals have introduced in
order to rectify this anomaly. As an example in 2015, Finance Minister proposed to revise the excise
taxes applicable on hybrid vehicles as the Interim budget 2015, but this has led to decrease in the
vehicle sales of Hybrid vehicles after the introduction of the new tax in January 2015.

To meet increasing fuel economy and emissions legislation, the automotive industry will need to
undergo drastic changes in vehicle and engine designs. Unlike conventional vehicles on the road
today, hybrid electric vehicles (HEV) are designed with a smaller engine and an on-board energy
storage system. The smaller engine allows the vehicle to achieve better fuel economy and fewer
emissions. The integration of petrol-engine technology into a hybrid electric vehicle configuration is
one of the most promising ways to comply with fuel-economy and emissions legislation.

Concerns in Electric Mobility in Sri Lankan Context

The GOSL seems to take a strong stand as the future of the power and energy sector remains
positive with the Sri Lankan economy, which is expected to continue on a high growth path in
the country’s accelerated post-conflict development landscape. A glance around the city traffic in
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Colombo during peak hours will reveal a certain scattering of electric vehicles among petrol, diesel
and hybrid vehicles that move in the streets of Colombo.

With the taxes on hybrid vehicles being increased and those on electric vehicles being reduced
from 25% to 5% through the new Government’s Interim Budget, the Power and Energy Minister’s
attention has been drawn towards establishing recharging centers island-wide with the involvement
of the private sector participators at fuel servicing stations, supermarkets and even homes. As the
Government’s economic policy is strengthening the disposable income of its population, many cost
mindful consumers are making long-term investments in keeping with future cost savings.

Having an efficient road network and robust road infrastructure is a factor that contributes to the
longevity of any vehicle, be it electric or not. However, giventhat levels of efficiency and performance
contribute to speed of the vehicle, road development levels remain a factor to be reckoned with.
Sri Lanka has prioritized the development of road infrastructure to facilitate the growth momentum
of the economy. Construction of highways and express ways as articulated in the Public Investment
Strategy 2014-2016, developed by the Department of National Planning, was dynamically followed
by the Government. This is estimated to contribute to the improvement of the urban-rural linkage,
the expansion of economic opportunities and regionally balanced growth that will lead to reduction
in poverty.

Conclusion

Rising fuel prices are causing mainstream awareness and interest in alternative transportation
technology. Many automobile companies are working hard to develop more environmentally
sustainable vehicles in order to combat fuel costs and the harmful environmental effects of
petroleum as a fuel source.

In order to cater to the increasing number of vehicles, infrastructure facilities must be developed
and also it is needed to address the issues of rising fuel prices and fuel security among the poor.
Human powered or non-motorized transport includes walking, bicycles, row boats, and other
environmentally friendly ways of getting around. In addition to the health benefits of the exercise
provided, they are far more environmentally sustainable than most other options.

When looking at the Sri Lankan context, consumer choices in selecting EST methods need to be
considered based on the current market structure which is the cost of the vehicles and also the fuel
economy concepts. In order to develop suitable policies, more studies on data collection and analysis
need to be done continuously. Consumer choices on in-use vehicles due to the rapid increase in the
vehicle fleet could be based for these studies.

Proper policies and legislations need to be tightened and monitored to improve the driver behavior
and techniques to reduce fuel consumption which also improves the road safety. This can be
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addressed in various age groups, and fine or penalty systems can be applied to improve the driver
behavior. Infrastructure measures need to be improved time to time with the improved technologies
for a proper traffic flow in order to minimize wasteful congestion. Uniflow roads, dedicated lanes
for buses and taxies, pedestrian and cycling areas and proper parking mechanisms also can be
considered.

Therefore, current legislation needs to be focused onimproving the air quality to lessen the emissions,
by following an integrated approach of having various EST concepts to influence consumer choice
to produce proper driving behavior and purchase choices. This information would not only help a
better consumer choice, but also assist the Government to make more rational policy decisions in
the transport sector to mitigate climate change impacts.
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Textile industry plays a major role in Sri Lankan economy, but it is an energy intensive industry
which releases a large amount of CO2 to the atmosphere. Therefore, it is important to take
sustainable measures to reduce energy consumption and greenhouse gas emissions in textile
manufacturing while making efforts to increase the production. Some textile factories from
Biyagama Export Processing Zone have successfully managed the situation by using low carbon
technologies and strategies.

Textile Industry of Sri Lanka

Textile industry is a major consumer of energy and water and it is the 5™ largest contributor to
CO, emission of the world (Athalye, 2014). It plays a critical role in Sri Lankan economy due to
its contribution to industrial production, employment and exports. Textile industry accounts for
16% of Gross Domestic Product of the country and it is the highest foreign exchange earner in
the industrial sector amounting to 40% of the total exports and 52% of industrial exports. It is the
largest employer in the industrial sector, providing more than 300,000 employments to the people
(Embuldeniya, 2015).

Electricity, Diesel, HFO (Heavy Fuel Qil), LPG (Liquid Petroleum Gas), and Biomass (sawdust and
wood) are the main sources of energy used in the textile industry (Table 1) which are used to
generate electrical, thermal and kinetic energy for boilers, processers, motors, compressor, lighting
and air conditioning. Specific energy requirement for natural fiber processing has been recorded as
10-20 MJkg-1 and that for chemical fiber processing is 5-50 MJkg-1 (Chavan, 2001).

High energy consumption of the process directly reduces the profit of a factory due to its cost
and it also indirectly contributes to climate change through releasing CO, to the atmosphere.
Therefore, if a factory can reduce its energy consumption or move towards more environmentally
friendly and efficient fuel alternatives it becomes a win-win situation which will provide benefit to
both the environment and the economy. Therefore, some textile factories of the Biyagama Export
Processing Zone have adopted cleaner production strategies and best practices to reduce the energy
requirement and increase the production per unit of energy use.
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This study was conducted considering three textile manufacturing factories in Biyagama Export
Processing Zone which produce knitted fabric, and based on the data availability, the energy
consumption data for those factories were collected and analyzed for the period 2011-2015.The
factories have been identified as A, B and C, considering certain ethical concerns. Average annual
energy consumption of the factory A, B and C are 158 TJ, 86 TJ and 717 TJ, respectively. Further,
energy requirements of factories have increased by 37%, 23% and 54% within the study period.
Factories fulfilled this energy requirement using different energy sources as shown in Table 1.

Table 1 : Energy use of companies from different sources as a percentage

Energy source Use of energy Factory A (%) Factory B (%) | FactoryC (%)

Grid electricity | Lighting, chilling |32 30 13
system, etc.

HFO Boilers 17 18 53

Diesel Fork lifts, Gener- |3 1 1
ators, etc.

Wood Boilers 45%* 41 24%%*

Sawdust Boilers 14+ i 4 bt

LPG Canteen, Some 1 1 0.1
machines

* Introduced in 2012 ** Introduced in 2013 *** Used only in 2015

Energy Consumption

As indicated in Table 1, all three factories are using renewable energy sources to meet part of their
energy requirement. Renewable energy sources included biomass and hydroelectricity (i.e. fraction
of hydroelectricity in the grid electricity in a given year) and non-renewable energy sources included
HFQ, diesel, LPG and thermal-electricity (i.e. thermal energy fraction in the grid electricity in a given
year). Even though factories have increased their energy consumption year by year along with the
production, they could cover the higher portion of energy requirement through renewable energy
as illustrated in Figure 1.
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Figure 1: Renewable and non-renewable energy consumption by factory A (top), factory B (middle),
and factory C (bottom). Renewable and non-renewable energy also comprised the
respective fractions in the grid electricity which were obtained from the annual reports of
the Ceylon Electricity Board (CEB) of Sri Lanka.
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Even with the increased demand for energy consumption, the factories were still able to increase
their eco-efficiency (i.e. mass of product sold per energy consumption) as illustrated in Figure 2,
through different strategies. This trend of eco-efficiency is related to the measures factories have
taken to use energy in a more sustainable way. Such measures include sustainable lighting systems
(skylights, conversion of T8 bulbs to T5, etc.), motors, heating, chilling systems and steps that have
been taken to improve fuel use by selecting more environmentally friendly fuel (Biomass and
solar energy) and replace furnace oil fired boilers with environmentally friendly boilers (biomass
boilers). Further improvements have been done on steam use by reducing the leakages, installing
steam accumulators, etc. Most of the above measures taken by factories come under operations,
maintenance and engineering, and the factories still need more efficient management strategies.
Factories could have increased their energy efficiency further by adopting the energy management

60



standard 1SO 50001, which provides a strong organizational framework for energy management
while gaining the highest possible advantage over sustainability measures.
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Figure 2 : Eco-efficiency of energy use - factory A (top), factory B (middle), and factory C (bottom)

Carbon Dioxide Emission

Within the study period, year by year eco-efficiency of CO, emission (i.e. mass of the product sold
per CO, emission) has increased with fluctuations in between. Moreover, all three factories indicated
asimilar pattern in eco-efficiency change of CO, emission over time. These variations are mostly due
to the thermal and hydroelectricity fraction changes of the grid electricity and changes of fuel type
used within the factories. Eco-efficiency of CO, emission within the study period is illustrated in
Figure 3.
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Figure 3 : Eco-efficiency of greenhouse gas emission (CO,) — factory A (top),
factory B (middle), and factory C (bottom)

In 2015 factory A has increased its production by 45% compared to 2011 and its energy consumption
has increased by 27%. However, it was able to reduce its CO, emission by 74% mainly through the
reduction of HFO consumption by 88%. Its energy requirement was mostly fulfilled through biomass
and grid electricity.

Factory B has increased its production by 71% by end of the period only through increasing total
energy consumption by 23%. It was also able to reduce its CO, emission by 40% as it has reduced its
HFO consumption by 118% within the study period (2011-2015).

Total production of factory C has increased by 31% in 2015 compared to 2011. It has achieved this

target through increasing its energy consumption by 54% but it was able to reduce its CO, emission
by 46% as it has reduced its HFO consumption by 70%.
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The above percentages were calculated as follows:

(Totalcarbon emission___—Total carbonemission__ )
2015 2011 *100

Total carbon emission, .
Further, Hydroelectricity fraction of the grid electricity varied between 28 - 58% within the study
period (2011-2015) and thermal fraction varied between 40-71% (Ceylon Electricity Board, 2011,
2012, 2013, 2014, 2015).These changes also affected our results. Moreover, reduction of diesel
consumption and grid electricity consumption through sustainable measures, such as using more
efficient and modern machines, training staff, automation, using full load of the machines, etc., also
have positively contributed to the above results.

Sustainable Energy Consumption

Replacing furnace oil with biomass in the factories has caused a reduction of cost of fuel and
greenhouse gasemission, butit mighthave ledtootherenvironmental problems such as deforestation.
Firewood supply by the villagers around the factories has become a way of income, but sometimes
uncontrolled logging may cause severe environmental problems. Therefore, alternatives such as
sawdust, wood chips, agricultural residues like: rice husks, straw, bagasse, sugarcane tops, cotton
stalk, coconut residues, etc., can be used (Netherlands Organization for Applied Scientific Research,
2010). According to Karunasena and Kannangara (2012), even dewatered sludge can be used as a
fuel for the boilers with advanced technology.

After identifying the uncontrolled logging as a significant environmental issue, all three factories
have reduced the consumption of wood logs compared to the initial year of biomass consumption
and increased the consumption of sawdust for biomass energy generation instead. This trend is
more environmentally sound and economically beneficial, especially as the cost of sawdust is much
less than that of wood logs. Even with the use of wood logs, the sustainability of the biomass supply
chain can be managed by buying only sustainably harvested wood. Factory C has initiated this by
buying only rubber logs from known sources.

Industries are major contributors to climate change as they require a large amount of energy which
is obtained mostly through fossil fuel burning. Even though developing countries like Sri Lanka do not
emit considerable amounts of greenhouse gases compared to developed countries, it is important to
reach development through a green (sustainable) pathway. Therefore, it is important to find which
and how industries can achieve this in an environmentally friendly and economically beneficial way.
Our study provides some evidence that, with the existing trend and need for energy conservation,
certain textile manufacturing companies have developed certain sustainable energy consumption
measures and low carbon measures, although there is still more potential for improving energy
consumption and management while reducing the greenhouse gas emissions.
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In simplest terms, climate change is caused by Green House Gases (GHG) and a major source of
GHG is non-renewable fossil fuel energy. It is evident, that climate change, accompanied with
rising global temperatures, has posed imminent danger to the human beings by changing the
favorable conditions in our environment. Many places have seen unprecedented changes in
rainfall, resulting in more floods, droughts, or intense rain, as well as more frequent and severe
heat waves. The oceans are warming and becoming more acidic, while ice caps of glaciers are
melting, causing sea levels to rise.

Fossil fuel use in transport and industrial sectors are the prominent sources of GHG emissions.
However,there are some other sources which are less prominent but may cause significant impact
on climate change. One such culprit is data in computers.

Data in Computers

Data is text, numbers or any other symbol. When it is stored in a computer, it becomes computer
data. This data would be destined as information when it is processed and stored by a computer.
This information may be in the form of text documents, images, audio clips, software programs, or
other types of information.

Computer data/ information processed by the computer’s Central Processing Unit is usually
stored in files and folders on the data storage device like computer’s hard disk. Storing can be
done using virtually any form of energy, spanning from manual muscle power in handwriting, to
acoustic vibrations in phonographic recording, to electromagnetic energy in tape and optical discs.
Electromagnetic data may be stored in either an analog data formal or digital data format on a
variety of media.

Data storage in computer requires electrical power to store and retrieve that data. Most
electronically processed data stored in magnetic or optical storage will remain stored even when
power is removed from the device. In contrast, most electronically stored information within most
types of electronic circuits or chips is volatile memory, as it vanishes when power is removed.
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Data Storage in Internet

Humans will be quickly outnumbered by Internet-connected devices. The term used to describe this
phenomenon is the Internet of Things (loT). More formally, 10T is a system of interrelated devices,
machines, objects or any other things that are provided with unique identifiers and the ability to
transfer data over a network without requiring human-to-human or human-to-computer interaction
(Crump, 2017). These things perform a range of tasks, relatively simple functions like capturing
images and uploading them to social sharing sites to capturing and transmitting more complicated
sensor data and sending real-time information on an organization’s various assets.

The obvious thing in this system is that there is more data to store. One type of data is large-file
data, such as images and videos captured from smart phones and other devices. This data type
is typically accessed sequentially. The second data type is very small, for example, log-file data
captured from sensors. These sensors, while small in size, can create billions of files that must be
accessed randomly.

Data in Data Centers

Data center (Stroud, 2017) is a large group of networked computer servers typically used by
organizations for the remote storage, processing, or distribution of large amounts of data. In other
words, this kind of facility is used to house computer systems and associated components, such as
telecommunications and storage systems. It generally includes redundant or backup power supplies,
redundant data communications connections, environmental controls (e.g., air conditioning, fire
suppression) and various security devices.

1.

Fig 1: The Facebook server hall in the city Fig 2 : The facilities of the Google data
of Lulea, Sweden. centre in Taiwan. (AFP/ Getty)
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How Data Contribute to Climate Change

The power consumption of a computer varies depending on whether it is a desktop or a laptop. A
desktop uses an average of 200 W/hour when it is being used (loudspeakers and printer included)
compared to a laptop which uses only between 50 and 100 W/hour. So, a computer that is on for
eight hours a day throughout the whole year uses about 600 kWh (this is equivalent to driving 900
km in an average car) and emits 175 kg of CO, per year while a laptop for the same time period uses
between 150 and 300 kWh and emits between 44 and 88 kg of CO, per year.

In stand-by mode, the power consumption of both a desktop and a laptop falls to about a third.
Although, the internet is a virtual space, using it still requires power and results in CO, emissions.
For example, the internet modem requires 10 W for its operation.

Large data centers in industrial scale usually use as much electricity as a small town. In 2016, 416.2
terawatt hours of electricity was used by world’s data centers and it was far higher than UK’s total
consumption of 300 terawatt hours (Bawden, 2016).

Already, data centers have mushroomed from virtually nothing 10 years ago to consuming about
3 per cent of the global electricity supply and accounting for about 2 per cent of total greenhouse
gas emissions.

When you “like” something on Facebook, search a latest movie in Google or post an instagram from
the pub, it needs huge amounts of data to be stored somewhere. It is expected that the amount of
energy consumed by the world’s data centers will treble in the next decade, putting an enormous
strain on energy supplies and dealing a hefty blow to efforts to contain global warming.

Green Computing: A Solution to Curb the Issues of Climate Change

Green computing is the environmentally responsible and eco-friendly use of computers and their
resources. In broader terms, it is also defined as the study of designing, manufacturing/engineering,
using and disposing of computing devices in a way that reduces their environmental impact. Green
computing is also known as green information technology {(green IT). Green computing practices
came into prominence in 1992, when the Environmental Protection Agency (EPA) launched the
Energy Star program.

To promote green computing concepts at all possible levels, the following four complementary
approaches are employed:

e Green use: Minimizing the electricity consumption of computers and their peripheral devices
and using them in an eco-friendly manner

e Green disposal: Repurposing an existing computer or appropriately disposing of, or recycling,
unwanted electronic equipment
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* Green design: Designing energy-efficient computers, servers, printers, projectors and other
digital devices

¢ Green manufacturing: Minimizing waste during the manufacturing of computers and other
subsystems to reduce the environmental impact of these activities

Green use:

One way to curb the carbon footprint caused by use of data in computers is to increase the amount
of renewable energy such as solar and wind used for computers. Even if the industry were able
to shift to 100 per cent renewable electricity, the volume of energy loT would need would put
intolerable pressure on the world’s power systems.

Green disposal:

E-waste includes cell phones, computers, stereos, televisions, etc. One of the largest problems in
E-waste is perhaps computers. So, E-waste should be carefully recycled. One such method would be
overwriting the storage media/ magnetic media as much as possible and reuse the storage media
for a longer period.

Green design:

Unless there is some kind of game-changing breakthrough on data storage — such as the
development of a far-superior alternative to silicon — the world’s internet use is eventually going
to have to be significantly rationed. “Deoxyribonucleic acid (DNA), is a biological molecule which
acts as the hereditary material in humans as well as in almost all other organisms and has already
been successfully used as an alternative component to electronic chip.” DNA computers and use
of Graphene in storage system could potentially revolutionize data storage. DNA computer is a
nanocomputer that uses DNA and its associated components to store information and perform
complex calculations. DNA provides the added benefits of being cheap, able to withstand extreme
environmental conditions and energy-efficient computing.

Some internet companies such as Facebook, Google and Apple, are leading efforts to be more
environmentally responsible. The measures being taken include housing data centers in cold
climates — which dramatically reduce the energy needed to cool the facilities — with a ready supply
of renewable energy.

Green manufacturing:

It may not be possible to completely green-manufacture computers and related items, but we must
take certain measures. Some companies have also developed a prototype printer which uses corn-
starch plastic so it would decay like a rotten vegetable when disposed. Therefore, some companies
have tried the biodegradable computer; it has certainly come one step closer and has given us hope.
Also, DNA computers will be a good solution in this regard as well.
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Green Computing and Efficient Ways of Using Computers in Day To Day Life

The following good practices in green computing include some simple procedures to be followed to
reduce emissions:

1. Switch off the loudspeakers, printer when they are not needed.
Switch off the screen if you are not working on the PC just now.

a1

Switch off your computer or put it in stand-by mode if you are not going to work on your

PC for more than 30 minutes. Use a laptop in preference to a desktop.

Switch off the modem at night.

Activate the power management features for controlling energy consumption

Make proper arrangements for safe electronic waste disposal

Refill printer cartridges, rather than buying new ones

Instead of purchasing a new computer, try refurbishing an existing device

The most import thing is how we use the data and for what purpose it should be used. Data

L XN Wk

centers are usually driven by social media and mobile phones. Itis all about films, pornography,
gambling, dating, shopping and anything that involves images and videos. So, responsible use
of internet only for necessary things will contribute to reduce emissions.

Many IT manufacturers and vendors are continuously investing in designing energy efficient
computing devices, reducing the use of dangerous materials and encouraging the recyclability
of digital devices and paper. However, even with other revolutions in data storage and energy
production, the only long-term solution to this data and energy problem will rely on involving
significant cuts to our internet use and following good practices of computer use in the future.
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Ocean Iron Fertilization in High Nutrient Low Chlorophyll (HNLC) areas is a geo- engineering
method which stimulates the phytoplankton growth to capture and export carbon to the deep
ocean bottom for reducing the atmospheric CO2 concentration. However, it is debatable whether
iron fertilization can sequester sufficient amount of carbon for an extended period of time due to
the ocean currents. More over long term impacts of the method should be studied.

Climate Change and CO, Deposition

Annual carbon emission of today’s world from fossil fuel burning is 8.6 PgC yr™. And land and oceans
absorb 60% from this carbon (Lal, 2007). Since ocean’s heat capacity is 1000 times higher than that
of the atmosphere, the ocean plays a major role in mitigating climate change. Due to that from
1961- 2003 global ocean temperature has risen from 0.1°C. At the same time from 1750- 1994 total
inorganic carbon concentration in the ocean has increased from 118+19GtC. Apart from that due
to global warming, salinity decrease, water mass changes, sea level rise has occurred (Bindoff et al.
2007). Moreover absorption of CO, by the ocean has changed the carbonate chemistry of the sea
water. According to the model predictions, oceanic pH value will decrease by 0.4 units compared
to the preindustrial era in 2100. Ultimately, this will decrease the calcification rate and increase the
CaCo, dissolution rates in the marine ecosystems. This will threaten the calcium bearing fauna and
habitats such as coral reefs. (Kleypas et al., 2005).

Therefore, cost effective mitigation strategies are essential for lowering the greenhouse gasses
specially the CO, (Baker et al., 2007). Carbon sequestration is a process that transfer and deposit
the atmospheric CO, either using abiotic or biotic techniques. Examples for abiotic techniques are
injecting CO, in to geological strata, deep ocean, coal mines and saline aquifers (Lal 2007; Yang et al.
2008). In biotic methods CO, is stored in biota as organic carbon through photosynthesis (Lal 2007).
Marine phytoplankton, base of oceanic food webs can produce 45Gt of organic carbon per year.
From this 16 Gt will be flux to ocean bed (Falkowski et al. 1995). Although abiotic methods allows
the deposition of large CO, amounts immediately, it is expensive and should be done carefully since
leakages can happen (Lal, 2007).
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Iron Hypothesis

There are high nutrient low chlorophyll (HNLC) areas in the world which shows less primary
productivity (Fig 2) such as Southern ocean and Northeast and equatorial Pacific. But these water
masses are rich in nutrient such as nitrogen (Fig 1) and phosphorus. (Chisholm et al., 2001). There
are several suggestions for the existence of HNLC areas in the world. One argument is that intense
grazing by zooplankton along with the NH4 limitation has reduced the phytoplankton growth. In sub
Antarctic region light limitation affects the phytoplankton growth (Frost, 1991). Moreover limitation
of macronutrients such as Fe and Si also leads to reduce the primary productivity in these regions
(Martin and Fitzwater 1988; Frost, 1991).
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Fig 1: Nitrate concentration in the world ocean.

(Source: http://www.soest.hawaii.edu/oceanography/courses/OCN626/2008_
OCN%20626/ HNLC%20regions%2Olecture_2008.pdf)

Fig 2: Chlorophyll a concentration in the world ocean.

(Source: http://www.soest.hawaii.edu/oceanography/courses/
OCN621/5pring2009/Selph_2_18_09%5B1%5D.pdf)
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Atmospheric dust which contains Iron can induce the phytoplankton growth in these areas. During
the last glacial maximum where the Fe containing dust concentration was high the atmospheric
CO, level reduced due to the increased phytoplankton productivity than the interglacial period
showing an inverse relationship between the atmospheric CO, concentration and Fe containing
dust concentration (Martin 1990; Coale et al. 2004). This iron hypothesis has been proved by iron
fertilization experiments in the Southern ocean (Coale et al. 2004; Smetacek et al. 2012; Salter et al.
2015) and Galapagos Island (Martin et al. 1994). Therefore, several laboratory and field experiments
have been done to assess the probability of iron fertilization of nutrient rich areas to remove the
CO, from the atmosphere.

Ocean Iron Fertilization Technique

Ocean iron fertilization is a geo-engineering technique (Baker et al., 2007) that stimulates
phytoplankton growth by adding iron to the ocean (Buesseler et al. 2008; Yang et al. 2008; Robinson
2014). Ocean iron fertilization experiments have been done in open ocean in Southern ocean and
equatorial Pacific regions. In this technique iron is mixed with SF6 labeled seawater with acidic
pH values and then injected to open ocean using vessels. SF6 is used to track the phytoplankton
patch (Coale et al., 1996; Martin et al. 1994; Martin et al., 2013). Approximately 4nM of iron is
sufficient to fertilize a 64km? area within 5-7 days according to laboratory experiments (Martin
et al., 1994). But single iron enrichment cannot utilize the excess nutrient completely and did not
increase the chlorophyll concentration as predicted from the laboratory experiment. Therefore,
it is recommended to multiply iron addition within several days (Coale et al,, 1996; Martin et al.,
1994). Iron fertilization can increase growth of phytoplankton belong to all size classes and increase
the primary productivity by 3-4 times (Martin et al., 1994). Patch formation and sinking of the
particles after the fertilization can be detected by measuring the primary productivity, chlorophyll
concentration, particulate organic carbon, dissolved organic carbon and pigment concentration in
each water layer (Coale et al., 1996; Martin et al., 1994; Martin et al., 2013). Apart from that the
depletion of nutrient concentration such as nitrate, phosphate, silicate and ammonia in the surface
mixed layers are also good indicators for the phytoplankton growth (Martin et al., 1994).

Part of the carbon that is fixed by the phytoplankton which is retained in the upper water layers are
released to the atmosphere within several months or years due to the heterotrophic activities while
part of this particulate organic carbon sink to deeper layers before remineralization (Chisholm et
al., 2001; Cullen and Boyd 2008; Yang et al., 2008; Smetacek et al., 2012; Salter et al., 2015). These
sinking particles are important for the atmospheric CO, reduction.

Effectiveness of Ocean Iron Fertilization for Climate Change Mitigation

Iron fertilization experiment in Southern Ocean has shown a considerable carbon export from
surface mixed layer (Buesseler et al., 2004; Smetacek et al., 2012).Diatom blooms generated due to
the ocean Iron fertilization can sink to depths greater than 1000m after their mortality (Figure 3).
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This has been proven by the European Iron Fertilization experiment carried out during February 2004
in Southern ocean (Smetacek et al., 2012). This organic carbon that is deposited in the deep layers
or in the ocean bed can be retained for more than 100 or 1000 years (Chisholm et al., 2001; Cullen
and Boyd 2008; Yang et al., 2008; Smetacek et al., 2012; Salter et al., 2015). Carbon sequestration
become effective if carbon particles were separated from the atmosphere for more than 100years
(Chisholm et al., 2001).

However, studies conducted using Nucleus for European Modelling of the Ocean (NEMO) model has
shown that from the particles that were injected to 1000m depth, 66% has been released to the
atmosphere within 37.8 years making the Ocean Iron Fertilization ineffective. Moreover, in Southern
Ocean which is a widely used area for ocean iron fertilization studies, the rate of upward flux of the
deposited particles is higher due to the effect of Antarctic Circumpolar current. Further, this study
has shown that from the particles that has been injected to 2000m depth 71% of the particles have
retained in the deep ocean layer (Figure 4) for 100 years (Robinson 2014). Fertilization experiment
carried out in a closed eddy core in Sub Antarctic Atlantic waters has concluded that iron addition
to silicon limited water increase the chlorophyll concentration and primary productivity. But it does
not increase the downward flux of particulate organic matter (Martin et al., 2013). Under low silica
concentration nano-pico phytoplankton dominate over diatoms. These nano- pico phytoplankton
can easily be grazed by the micro zooplankton (Frost 1991).

During fertilization experiments although primary productivity increased rapidly initially, it can be
ceased later due to the limitation of other macronutrients. At the same time high phytoplankton
biomass stimulate the growth of zooplankton in the area leading to rapid grazing pressure on
phytoplankton patches. So that the rate of primary productivity will become a constant. More over
iron can be decreased from the system due to particle aggregation and sinking, making the system
iron limited (Coale et al., 1996; Martin et al., 1994).

Beside this downward flux of particulate organic carbon, it is necessary to consider the flux of
particulate inorganic carbon by means of calcareous species owing to the fact that this Calcium
Carbonate deposit in the seabed for a longer time period would support to sequester carbon for
more than 100 years. This has not been well estimated during these iron fertilization experiments
(Salter et al., 2015).

These examples prove that ocean Iron fertilization can remove some amount of CO, from the
atmosphere. But it can sequester only several hundred million tons of carbon per year which is not
a considerable amount (Buesseler et al., 2008). Furthermore, these carbon deposits are exposed to
the atmosphere rapidly due to the disturbance from ocean currents (Chisholm et al., 2001).

On the other hand, long term impacts of iron fertilization on the ocean ecosystem has not been well
studied yet (Chisholm et al., 2001; Buesseler et al. 2008; Cullen and Boyd 2008). Similar to the issues
that have arisen due to the nutrient enrichment in freshwater and coastal areas, iron fertilization
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may affect the food webs and other natural biogeochemical cycles (Chisholm et al., 2001; Chisholm
et al., 2001; Yang et al., 2008). Models predict that it could cause hypoxic or anoxic conditions due
to the increase of microbial decomposition (Fuhrman and Capone 1991; Cullen and Boyd 2008).
This low oxygen condition can lead to the production of other greenhouse gasses such as methane
and nitrous oxide (Fuhrman and Capone 1991; Cullen and Boyd 2008; Yang et al., 2008). Moreover
due to the high primary productivity in Iron fertilized zones, macronutrient concentration will be
depleted in the water columns below this zone (Cullen and Boyd 2008).

T2 &

s @ i
10 }ﬁ
; s s W2 .
03 - = &

0.8 |'J‘ @' -?g__::__"ag-—
, e

Figure 3: Temporal evolution of
particle organic carbon stocks in
successive depth layers.

Filled symbols for inside the patch and
open symbols for outside the patch

(a,i) 0-100m, (b,j) 100-200m, (c,k)
200-300m, (d,1) 300-400m (e, m)
400-500m, (f,n) 500m-1000m, (g,0)

0z d '
1000m-2000m, (h,p) 2000m-3000m
p
E 0.08 .4._'-1;- —5'4——3 :r (Smetacek et al., 2012)
g ¥
% m
% nga "‘ ; g
0,08 | * \ _E_ E 3 ®
T Chaall W Bl
®n
030 ! * =
L]
0.25 . 4 s 8
020 z N
P + ¥ B .
a ie
n4 1
. r =
K + | . ;
@2 (e ' { o
31 ls FEFSICN)  EN—— | a SN,
' h
034 ® ’
na e 1 " -
| ‘ :
i = '

D 5 12 18 24 30 IO & 12 18 24 30 2B
Mirme aftst ferilizat o {d)

74



=

Sequestered [%]

I
o

1000 mj
—&— 2000 m

0 50 100
Time [year]
Figure 4: Decadal time series showing the number of particles that remain
successfully sequestered below the upper mixed layer for both the 1000

m (green line) and 2000 m (blue line) experiments.
(Robinson et al., 2014)

Conclusion

Due to anthropogenic activities, CO, concentration in the atmosphere has increased dramatically
and it brings adverse impacts to the terrestrial and marine ecosystems. Hence, there is a timely
need to decrease the atmospheric CO, concentration. Therefore, scientists are exploring several
methods. Sequestration of CO, by adding Fe to HNLC areas to stimulate the phytoplankton blooms
is one such geo-engineering technique. It can export carbon to deep ocean layers as particulate
organic carbon. Due to the oxic and slightly basic nature of seawater iron does not dissolve easily in
seawater. Therefore, iron limited areas can also exist near coastal waters as well (Street and Paytan
2005). Although this iron fertilization technique has been tested in open ocean HNLC areas in large
scale this can be practiced in coastal upwelling zones where the iron concentration is low. But it is
needed to assess the cost effectiveness of the method before conducting at commercial scale.

However, this artificial fertilization can affect the food web structure and the natural biogeochemical
cycles. Today, we are experiencing detrimental results of anthropogenic involvement to change the
natural ecosystems. So it is necessary to analyze long term impacts of artificial fertilization. If not,
we have to face more serious issues than this in the future.
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Organic solid waste and livestock litter can naturally generate methane, astrong GHG contributing
to climate change, under certain conditions in the presence of anaerobic bacteria. Biogas
technology is a green technology which gives multiple benefits from the areas of environment
(waste management), agriculture and energy. Biogas can be used as a substitute for LP gas and
natural gas, and thus an alternative energy solution. The electricity equivalent potential from
biogas in Sri Lanka is very marginal. Although, purely from an energy economics perspective,
biogas may not give sound returns, it is an integrated solution may lead to benefits far outweighing
the costs.

Introduction

Methane is a greenhouse gas which contributes to global warming and climate change. Waste
and livestock are major anthropogenic sources of methane emissions in the world. When waste is
released to the dump sites or landfills, the organic components in them decompose and produce
landfill gas, which is a mixture of methane and carbon dioxide with 40-60% of methane. Similarly,
methane is also emitted by the livestock sector. The ruminant animals such as cattle, buffaloes
and goats produce methane as part of their normal digestive process as a by-product and release
methane as one of the gases, through eructation. The anaerobic decomposition of their dung by
anaerobic and facultative bacteria produce methane as well. Although, we cannot do much about
methane generated during the digestive process of the ruminant animals, we can manage organic
waste and animal dung in such a way that we capture the methane effectively and use it for different
productive purposes. Since Methane has a Global Warming Potential of over 20 times compared to
Carbon Dioxide, it is vital to manage it effectively.

Biogas Technology

Biogas is a technology that converts organic waste into methane and a few other products, under
oxygen free (anaerobic) and controlled environment. Therefore, it is a technology that could be
used in organic waste management. As both organic solids and liquids containing organic matter
could be subjected to biogas generation process, technologies that generate biogas are used in both
solid waste management and waste water treatment. What happens in a biogas system is, organic
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matter going through a process where some bacteria would break long molecules of the organic
matter fed into the biogas system, and during their metabolism, produce gaseous elements such as
methane, carbon dioxide, water vapour, hydrogen sulfide, ammonia, and few other traces, and a
slurry of the fermented organic matter, which is rich in nutrients. The content of methane in biogas
can range from 50 to 65% in most cases.

Methane

Methane is a colourless, odorless combustible gas. In fact, the principal component of natural gas is
also methane as around 75% of it is constituted of methane. The other gases in natural gas include
around 15% of Ethane and 5% of Propane and Butane gases. Sri Lankan populace is more familiar
with Liquified Petroleum (LP) gas, which predominantly contains Propane and Butane. All these
are combustible gasses, which can produce heat when combusted. Heat generated thus is what
is being used as a source of energy for different applications. Commonly, these gases, including
biogas, can be used for different purposes including power generation, cooking, running vehicles,
pumping water, and lighting (illumination). As one Methane molecule produces one Carbon Dioxide
molecule when combusted, the overall Global Warming Potential reduces by over 20 times to the
amount of methane so combusted.

Benefits of Biogas Systems

Apart from using biogas systems to generate methane as a source of energy, they bring numerous
other benefits. As the biogas slurry produced in biogas systems is rich in nutrient it can be used as
an input in agriculture and horticulture. This slurry is applied as a rich fertilizer in place of compost.
Some farmers have revealed that they have used this as a pest repellent and as a soil conditioner
to retain humus and moisture. As spreading the slurry on land prevents the growing of weeds it is
used as a substitute for weedicides. Some agriculture experts opine that this slurry should be mixed
with some amounts of chemical fertilizer to make it more balanced, as required by the plants. The
processed slurry could be sold directly. Further, fruits and vegetables etc. that use biogas slurry as
an organic input could also be sold as organic produce (organic food). Therefore, biogas systems
help provide livelihood options to the people, apart from providing direct and indirect employment
opportunities to those who are engaged in design, construction, maintenance of biogas systems
and supplying of appliances and equipment etc.

Biogas systems provide alternatives to conventional sources of energy. The slurry is a substitute
for agrochemical inputs to agriculture sector easing the economic pressure of the country which is
dependent on imports of petroleum based oils and chemical fertilizer. Consuming organic produce
is also healthier than consuming food produced using chemical inputs. At the same time, as this
technology can use organic waste as inputs, it gives a solution to the waste management problems
too, giving environmental benefits. In other words, biogas gas gives three prominent benefits from
a single technology.
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History of Biogas Use

The origin of recorded history of biogas dates back to the 19th century, to Mumbai, India. However,
biogas, as a technology, was first propagated by the Chinese as a developing country from 1930s.
Since 1970, China has included biogas programmes in their 5 year plans. It is estimated that nearly
100 million Chinese people are benefited by nearly 42 million biogas systems installed in China,
of which nearly 40 million households are located in rural areas. Nearly 23% of rural China is said
to be benefiting from biogas systems. Biogas has been integrated with agriculture and livestock,
while subsidies have been offered for the people to takeup this technology. India, Nepal, and some
countries of South-East Asia, and now some African countries, have taken national level initiatives
to promote biogas and use the technology for different purposes for the benefit of the respective
countries, with similar interventions. Developed nations however, have taken a fairly different
route in which advanced technologies have been developed and used to manage organic waste
efficiently, where biogasis produced as a by-product and gas is used for different purposes including
city heating, generating electricity, feeding to the electricity grids, injecting to the gas grids and
running vehicles.

Biogas in Sri Lanka

In Sri Lanka, the recorded history of biogas dates back to 1973-74 era. Some experiments on
biogas had been carried out at the Engineering Faculty of the University of Peradeniya. Technology
had been transferred from China and India. Government institutions and some NGOs had taken
this technology further, with some initial momentum. With some technology and other issues,
the uptake had retarded around late 1980s to late 1990s. With some rejuvenation, as a result
of findings, recommendations and implementing the recommendations of a national survey of
existing biogas systems around 1996, this technology has re-awakened to propagate in the country,
slowly and steadily, especially with the involvement of the NGOS, and thereafter, programmes
being mainstreamed by the government institutions, especially, the Department of Animal
Production and Health and Provincial Councils. By today, it is estimated that, about 10,000 biogas
systems have been installed in Sri Lanka. We also have seen Sri Lanka Standards being released
by the Sri Lanka Standards Institution for biogas systems while a professional group has formed
a volunteer association dedicated to promoting biogas systems in the country, and a number of
biogas programmes implemented by the government and private sector with the assistance of the
donor and NGO community, and the investments of the private sector. Further, universities such
as Moratuwa, Peradeniya and Ruhuna, and National Engineering Research & Development Centre
continue the research on various aspects on biogas related disciplines.

The evolution of using biogas technology in Sri Lanka clearly demonstrates that it is the ‘energy’
component of the biogas systems that was seen as important until recently, despite the specialists
emphasizing the other benefits too. Today, it is seen more from a perspective of an environmental
solution for waste management, be it liquid or solid, containing a fair portion of organic matter. As
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a matter of fact, there are many biogas systems which are connected to the toilets, so that biogas
systems also bring some solutions to sanitation. From the early days to the present, health and
sanitation benefits of biogas systems are reaped by the users.

Potential of Biogas in Sri Lanka

If we assume that, of the Sri Lankan and expatriate population, about 20 million people live inside
the country at a time, and the average daily household waste generation is around 0.6 kg per
capita, the total waste generation works-out to be around 12 million kg per day. Nearly 60% of the
household waste generated in Sri Lanka is organic. Therefore, the estimated amount of daily organic
waste generation is 7.2 million kg. Considering that moderate (fairly efficient) medium sized biogas
systems could generate 100 liters of biogas from 1 kg of organic waste, about 720,000 cubic meters
of biogas could be generated in the country per day, if all the generated waste could be processing
via biogas systems. If this biogas is used to generate power, at the rate of 1.25 kWh from a cubic
meter of biogas, the amount of power that could be generated is around 900,000 kWh, which is
around 38 MW installed capacity of power plants. Similarly, if we process sewerage waste, at 400g
of daily excreta per capita, the installed capacity of biogas power plants would be 41 MW. If we
consider livestock (cattle, buffaloes, goats, poultry, swine etc.,) it can be equated to about 109 MW
of power plants. If we ignore the organic waste generated from agriculture, forestry, and industries,
etc to be processed using biogas technology, the total capacity of biogas based power generation
from household waste and human and livestock excreta in Sri Lanka would be about 190 MW.

Is the Energy Potential from Biogas Significant?

The installed capacity of Victoria (hydro) and Norochcholai (coal) power plants are 210 MW and
900 MW respectively, which are about 6 and 24 times bigger than 38 MW, the potential capacity of
power plants based on biogas technology processing household waste. If we process all human and
animal excreta and household organic waste generated from the whole country of Sri Lanka, still the
installed capacity of Victoria and Norochcholai power plants are nearly 1.1 times and 5 times bigger.
Accordingly, even if we process all the organic waste generated at homes and livestock sector using
biogas technology, the amount of electricity it could generate is negligible compared to the total
demand and installed capacity of the country. Biogas would give better economic returns if used for
thermal (heat) energy applications. However, this does not mean that biogas is not a worthwhile
technology in organic waste management.

Conclusions

The famous waste management mantra is the 3R concept, Reduce, Reuse and Recycle, although
more Rs are being added. The government of Sri Lanka also has taken steps to promote better
waste management and reduce the use of waste generation. Under the current circumstances,
biogas technology would suit well at the small to medium scale as an organic waste management
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technology while providing by-products. The biogas as a source of energy and bio slurry, as an
agricultural input. The government has approved some waste management projects associated
with waste management sites that use biogas based technologies (e.g. At Karadiyana, a biogas
systems with capacity of 100 tons of source separated waste per day). The economics of biogas as
source of energy, particularly as a source to generate electricity, alone may not work-out well, as
there are better economically viable energy solutions. The electrical equivalent of biogas is not a
good measure compared to the benefits of biogas. If we consider biogas systems as a ‘triple benefit
technology’, the benefits may well outweigh the costs, and possibly be rated as one of the best
solutions ever for multiple problems, while giving multifaceted benefits and solutions.
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Introduction

Ratnapura City area is considered as a multi-hazard zone due to the high risk situations such as
floods, landslides, lightning strikes and seasonal droughts that occur with unusual frequency and
severity. The most regular disasters in the city are flooding, landslides and strong winds, which
have the effect of disrupting the citizens’ daily lives. Due to the global climate change effect, the
frequency and impact of the above hazards appear to have increased lately. Therefore, there is
now the imperative need to apply appropriate measures to cope with climate change and adapt
to it, while raising public awareness of this issue in the Ratnapura MC area. According to a survey
conducted in 2016, it was found that certain matters were highlighted by practically all the Grama
Niladharis in the Ratnapura MC area. The survey was conducted by the GN Officer of each GN
Division regarding the harm the division had suffered in the last five years.

Questionnaire Survey and Interview

The questionnaires were filled by 18 Grama Niladhari Officers in the Ratnapura Municipal area.
Questionnaires called for basic data about those GN Divisions that were considered the most multi-
hazard risk prone areas. Such areas were selected through field observations after noting their
susceptibility to landslides, floods and high winds. The surveys were then done covering the most
risk prone areas. The structured questionnaire was also used to gather information about the Socio
Economic impact of disasters on those areas.
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Table 1 Summary of Survey Data about Multi Hazarded Condition in Ratnapura MC Area
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Mahawala 152C | 78.32 Land- 1 2 0 0 2 No Moder- | No
slide Risk | ate Risk | Risk
Mihindugama 152D | 54.61 No 0 0 0 0 0 No | NoRisk| No
risk Risk
Kospalavinna 153D | 385.88 | Flood 8 0 0 0 5 No No Risk | No
risk Risk
Muwagama 182 | 154.57 | Flood/ | 280 0 0 0 20 | Mod- | Moder- | No
Land- erate | ate Risk | Risk
slide Risk
Dewalaya Gawa | 151 | 118.71 | Flood/ | 137 0 0 0 6 High Low No
Land- Risk Risk Risk
slide
Samagipura 182C | 60.26 | Land- 52 0 0 0 6 No | Moder- | No
slide Risk | ate Risk | Risk
Thiriwanaketiya | 181B | 182.11 No 0 0 0 0 0 No |[NoRisk| No
Risk Risk
Mudduwa 182A | 55.54 Flood 3 0 0 0 0 Low | NoRisk | Low
Risk Risk
Angammana 181C | 106.46 | Flood 100 0 2 0 0 No | NoRisk| Low
Risk Risk
Ratnapura 152E | 87.24 | Flood/ 25 0 0 0 3 Low Low No
Town North Land- Risk Risk Risk
slide
Kolandagala 181A | 916.47 | Land- 16 0 2 1 1 High | Moder- | No
slide Risk | ate Risk | Risk
Weralupa 152B | 217.47 | Flood/ 20 0 0 1 5 Mod- | NoRisk | No
Land- erate Risk
slide Risk
New Town 153A | 603.89 | Strong 12 0 0 1 11 High | No Risk | High
wind Risk Risk
Batugedara 181 93.43 | Flood/ 275 0 0 3 2 High | No Risk | High
Strong Risk Risk
wind
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Mudduwa East | 182D | 120.87 | Flood/ | 400 0 0 5 2 Mod- Low No
Land- erate Risk Risk
slide Risk
Ratnapura 152A | 28.63 | Flood/ | 125 0 10 15 2 High | No Risk | Mod-
Town Strong Risk erate
wind Risk
Godigamuwa 152 | 12896 | Flood/ | 193 | 30 40 | 22 | 22 | High Very | High
Land- Risk High | Risk
slide/ Risk
Strong
wind
Ratnapura 152F | 52.1 Flood/ | 102 ] 0 50 20 High | NoRisk | No
Town West Land- Risk Risk
slide

Sources: Field Survey and Interview with GN officers in study area, 2016

According to the data collected through extensive field observation, the landslide, flood, and high
wind sites were identified. Data and information gathered were tabulated using Microsoft Office
Excel Tabulation and GIS.

In this part of the analysis, the results of the study are presented. Figure 1 indicates the number of
families affected by the disasters in each GN Division.
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Figure 1: Families affected by disasters
Source: Field survey

According to the above chart, a large number, of affected families, was recorded in Mudduwa East
GN Division. It had about 400 families. Muwagama GN Division had 280 affected families, followed

by Batugedara and Godigamuwa GN Divisions.

Figure 2 shows the number of affected people by two categories. One indicates the number of
people who died in the disasters and the other the number of people injured in the disasters.
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Figure 2: Number of people affected by disasters
Source: Field survey

Disasters had the greatest impact on the Godigamuwa GN Division according to the records.
Godigamuwa GN Division recorded forty deaths and thirty injuries.

Figure 3 shows the number of houses affected by the disasters. This figure also displays two
categories, viz. the number of fully damaged houses and the number of partially damaged houses.
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Figure 3: Number of houses affected by disasters
Source: Field Survey, 2016

According to the above chart, the highest number of damaged houses was recorded in Ratnapura
Town West GN Division as 50 houseswere fully damaged and 20 houses semi damaged. Godigamuwa
GN Division had 22 fully damaged houses and 22 partially damaged houses.

This map shows the GN Divisions and the nature of the damage suffered in each of the divisions.
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Figure 4: Overall condition of houses affected by disasters in study area
Source: Field Survey, 2016

Samagipura
Mudduwa

The questionnaire was designed to collect information about the overall risk of flooding in the
Ratnapura Municipal area. This question had to be marked in terms of the level of flood risk, varying

from very high risk, high risk, moderate risk, low risk to no risk.
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Figure 5: Risk of flood in Ratnapura Municipal area as noted in last five years
Source: Field survey of 2016

According to the above map, a very high flood risk was reported in Ratnapura Municipal area in the
following GN Divisions: Dewalaya Gawa, New Town, Ratnapura Town, Batugedara, Kolandagala and

Godigamuwa GN Divisions.
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Landslides are also a major hazard in Ratnapura Municipal area. They mainly occur in the hilly areas
of Godigamuwa, Samagipura, Muwagama Mountain, Helauda, Mihindugama, Dewalaya Gawa,
Mahawala, Mudduwa East, Thiriwanaketiya, Ratnapura Town North, Batugedara and Meehitiya.
The map in Figure 6 shows Risk of Landslides in the Ratnapura Municipal area.
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Figure 6: Risk of landslides in the Ratnapura Municipal area
Source: Field survey, 2016
Strong winds have also been reported in Godigamuwa, Mudduwa, New Town, Muwagama,
Mahawala, Angammana and Batugedara areas in Ratnapura Municipal area. Figure 7 shows risk of

strong winds in Ratnapura Municipal area.
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Figure 7: Risk of strong winds in the Ratnapura Municipal area
Source: Field survey
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Conclusion and Recommendations

The most troublesome natural hazards faced by the Ratnapura MC area are identified as floods,
landslides and high winds and they have had a very hazardous impact on human life and the other
assets of the city, such as homes, buildings, roads and services. The analysis of the primary data in
figure 1 indicates that Mudduwa East GN Division has a large number of families affected (about
400 families). Figure 2 indicates the dead and injured in Rathapurea MC. 40 deaths and 30 injured
had been reported in Godigamuwa GN Division in the last five years due to disasters. In figure 3,
Ratnapura Town West GN Division has 40 fully damaged houses and 20 semi damaged houses,
while Godigamuwa GN has 42 semi-damaged houses. Accordingly table 1, Godigamuwa GN Division
is the area most at risk from multiple hazards in the three forms of floods, landslides and wind.
Detailed study and consideration suggest that people empowerment is very essential, especially
in the Godigamuwa area, to enable them to cope with and overcome these natural disasters that
occur there periodically.

Based on the findings of this study, it appears necessary to constantly monitor the situation in
Ratnapura MC area, as it is a Multi-Hazard hotspot vulnerable to natural hazards. There will be
more danger in the future because of global warming and climate change increase. Climate change
is influencing the rate and intensity of disasters and further exacerbating their impacts. Hence, it is
very important to ensure that people are aware of the effects of climate change in the study area and
also entire Sri Lanka to help in reducing the danger from natural disasters and the damage caused
by them. To accomplish this they must be taught how to mitigate and adapt to the effects of natural
hazards such as floods, landslides and high winds in vulnerable areas. Empowering the families in
disaster prone areas to cope effectively with these hazards can only be done by advising them of the
dangers and disseminating information on how to adapt them to survive in such situations.
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Climate Change Impact Assessment on Medium Irrigation Scheme
in Dry Zone
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A case study was conducted on Ethimale irrigation scheme to investigate the impacts of climate
change on water resources in the dry zone and the possible adaptation measures. The response of
the scheme to four anticipated climatic scenarios was observed and found that cropping intensity
and yield decreased by 40% and 11.4% respectively under the worst-case scenario, demonstrating
adverse climate change impacts. As an adaptation measure, crop diversification would increase
the cropping intensity by 26%.

Introduction

Being a developing and tropical island, Sri Lanka is highly vulnerable to climate change impacts
which is proven by the recent records of extreme weather events such as high intensity rainfall
followed by floods and landslides, longer dry periods, and changes in average temperature etc. (The
National Climate Change Policy of Sri Lanka, 2014 ). These water related impacts of climate change
can have adverse impacts on many water related sectors of the country such as agriculture and food
production, water supply, energy generation etc.

SriLanka is divided in to three main climatic zones namely “Wet zone”, “Intermediate zone” and “Dry
zone” based on the annual rainfall. Based on the monsoon pattern - Northeast Monsoon ([NEM)]
from December to March), Inter monsoon and Southwest Monsoon ([SWM] from June to October)
- Sri Lanka has two main cultivation seasons called “Yala season” (from April to September) and
“Maha Season” (from October to March). Most of the agricultural lands are in the dry zone of the
country where water availability is naturally low and more than two-thirds of the annual rainfall
is received during the Maha season (Amarasinghe, Mutuwatta, & Sakthivadivel, 1999). With the
changing climate, the water scarcity in the dry zone is likely to become more critical. Hence, the
study focuses on assessing the availability of water resources in the dry zone as a preparedness for
the consequences of climate change in the future.

Climate Information
Precipitation and temperature are major climatic variables that influence the agriculture and crop

production (IPCC, 1997; Kurukulasuriya and Ajwad 2007). According to the Intergovernmental Panel
on Climate Change (IPPC), many water resources are being affected particularly by temperature
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increases. According to Chandrapala 1996; Fernando and Chandrapala 1992 (as cited in Eriyagama &
Smakhtin, 2010), annual mean temperature anomalies from 1871-1990 show a significant warming
trend throughout Sri Lanka. Chandrapala (1996) shows (as cited in Eriyagama & Smakhtin, 2010) the
rate of increase in temperature is 0.016 °C per year during the time period 1961 to 1990. As De Silva
(2006) predicted, the average annual temperature is to be increased by 1.6°C - 1.2°C by the year
2050. With the increase of temperature, evaporation and evapotranspiration tend to be increased.
The study carried on large reservoirs in Australia (Helfer, Lemckert & Zang, 2012) indicates the
evaporation will be increased by 5.6% by 2050 due to 1oC temperature rise. According to De Silva
(2007), crop evapotranspiration will be increased by 2% with 1.6°C increment of temperature by
2050.

Several authors have studied the rainfall pattern changes of Sri Lanka as a whole but a significant
trend in country’s Mean Annual Rainfall (MAR) has not been identified (Eriyagama & Smakhtin,
2010). However, MAR has decreased by 144 mm (7%) during 1961-1990 (Eriyagama & Smakhtin,
2010). Changes in the number of wet and dry days are another indication of climate change. A day
can be identified as a “Dry Day”, when certain levels of precipitation, which are stabilized based upon
the planned activity, are not exceeded and a “Wet Day” when those levels are reached. Ratnayake
& Herath (2005) and Premalal (2009) have published that the number of consecutive dry days has
increased and the number of consecutive wet days reduced in the last decade indicating climate
changes in Sri Lanka. Even though several efforts have been taken to predict the future precipitation
pattern in Sri Lanka, there are contradictions in those projections. According to Basnayake and
Vithanage (2004) (as cited in Eriyagama & Smakhtin, 2010), both South West Monsoon (SWM) and
North East Monsoon (NEM) rainfall will be increased. De Silva (2006) suggests increase in SWM and
decrease in NEM. On the other hand as cited in Eriyagama & Smakhtin, 2010, Basnayake, Rathnasiri
and Vithanage in 2004 , elaborate decreases in both SWM and NEM.

Assessment of Climate Change Impacts

A case study was conducted on Ethimale Irrigation scheme in Monaragala district to assess the
impacts of climate changes on a medium irrigation scheme in the dry zone. Ethimale Tank is a
medium irrigation tank with a gross capacity of 5500 sq.mile, a catchment area of 24.6 km? and a
total command area of 450.5 ha.

To study the future behavior of the reservoir, several climate change scenarios were developed
because of the uncertainty associated with the future and the contradictions in the future rainfall
predictions. For example, several studies predict an increase in Mean Annual Rainfall (MAR), while
several studies reveal that MAR will be decreased. Two climatic variables; rainfall and temperature,
were used to develop the scenarios considered under this study. Temporal and spatial variability
of rainfall has a huge impact on country’s agriculture. Therefore, seasonal changes of rainfall are
considered under the study instead of MAR. Several future predictions (for year 2050 or beyond)
on temperature and rainfall of Sri Lanka were collected through a literature survey. Increase in both
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NEM and SWM, increase in SWM while NEM decrease and decrease in both NEM and SWM are the
most concerned seasonal changes in the literature. Hence, these three possibilities are considered
in the scenarios below. In addition to that, one month delay in occurrence of both monsoon periods
was considered in the study. Changes of those variables in year 2050 were estimated, considering
2016 as base year and assuming linearity of the selected climate change predictions. The following
four scenarios were developed using the estimated percentages.

Scenario 1 — Evaporation will increase by 9 % due to 1.6 °C increment of temperature. NEM will
increase by 32% and SWM will increase by 40%.

Scenario 2 — Evaporation will increase by 9 % due to 1.6 °C increment of temperature. NEM will
decrease by 34% and SWM will increase by 38%.

Scenario 3 — Evaporation will increase by 9 % due to 1.6 °C increment of temperature. NEM will
decrease by 30% and SWM will decrease by 30%.

Scenario 4 — Evaporation will increase by 9% due to 1.6 °C increment of temperature. Monsoon will
be delayed by a month.

The irrigation water demand calculations and reservoir water balance studies for the current
situation and selected scenarios were carried out according to the Irrigation Design Guideline ([IDG]
1984). Reservoir water balance studies were carried out considering an annual cycle, The changesin
SWM were also considered in the study, even though the tank is located in the Dry Zone, to identify
the influences of changes of SWM on the water resources in Dry Zone. The irrigation demand was
calculated considering 135 days paddy for Maha and 105 days paddy for Yala. Reservoir water
balance equation can be written as;

| -(E+Se +Sp +ID)=S-S

where t is considered as time steps in month; ! is the inflow which is only from rainfall runoff; E is
the evaporation from the water surface; Se is the seepage from the tank bottom; Sp is the monthly
spill; ID is the irrigation demand; S is the storage of the tank.
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Figure 1: Study Area

It was observed that Maha irrigation demand increases by 17%, 14% and 4% for scenario 2, 3 and 4
respectively, while the Maha irrigation demand for scenario 1 decreases by 13%. Scenario 3 shows
the highest increment in Yala irrigation demand by 4%. The results show that 100% of the command
area can be cultivated under each and every scenario. The highest cropping intensity would be
expected under scenario 1 and the lowest would be expected under scenario 2. According to the
results, it would be possible to expand the Yala cultivation extent by 10% under scenario 1, whereas
the same extent possibly will be decreased by 40% and 32.5% respectively for scenario 2 and 3. It
was observed that the scenario 2 gives the highest reduction of 11.4 % in crop yield, while crop yield
decreases by 9.3% and 7.1% respectively under scenario 3 and 4. Under the scenario 1 the crop
yield would be increased by 2.9%.

The tank does not have any spillage under scenario 2, 3 and 4. The tank spills only under scenario 1
with a total spill height of 1.09m, which will not result in a flood situation as per the infrastructure
performance assessment. The total monthly volume that can be released through the single sluice
gate of the tank is 600 Ha.m which is greater than the maximum monthly water demand under each

scenario.

The critical scenario was identified considering the demand requirement, Cropping intensity and
yield. Therefore, the scenario 2 can be identified as the most critical scenario while the scenario 3 is
in the second and scenario 4 is in the third. The critical scenario clearly indicates that the changes in
NEM are more critical than the changes in SWM, for the water resources management in dry zone.
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However, the scenario 1 does not identify as critical at all because it gives higher cropping intensity,
yield and lowest irrigation water requirement and also does not cause floods in the area.

Assessing Adaptation Measures

The results clearly indicate that the climate change has impacts on water resources of Ethimale
scheme, hence, the agriculture and the food production of the system will be vulnerable to climate
change. This situation would result in several socio economic concerns such as poverty, food
scarcity, water scarcity etc. The livelihood of the population in the system mainly depends on the
agriculture, but it will be very difficult at least to maintain the existing cultivation extent under
climate change and, again, with the increased population the demand will be high for food, water
and employment. Hence, to fulfill future demand without making unnecessary stress within the
irrigation system, it is necessary to plan and implement adaptation measures at present. The study
reveals the water demand decreases by 2% and cropping intensity increases by 26% under scenario
2, if the Minimum Operating Level (MOL) is reduced by 0.1m. However, the MOL reduction can be
considered as a low regret adaptation measure, since there is no requirement of such action at
present. Crop diversification on the other hand, is considered as a “no regret” measure, since it
will be good practice even under the current situation, if the proper crops were introduced to the
system. The crop which requires lesser water content than paddy and which generates sufficient
income to the community can be introduced to the system to increase cropping intensity and to
decrease the water demand in the system. The study reveals, using 105 days paddy for Maha and
105 days paddy and soya beans combination for Yala will increase cropping intensity by 25% and will
decrease total water demand by 1.65%. However, the success of this option depends on the selection
of the crops, farmer’s willingness to shift to different crops and the income generated by the option.
The reduction in water losses will be a proper adaptation measure. Storing more water during the
rainy season will ease the scarcity of water. Storage enhancement and rainwater harvesting can be
pointed out as better water capturing methods for the system, however, a comprehensive study
should be carried out to identify the possibility of the storage enhancement.

Conclusion

The study clearly demonstrates the water resources in the Ethimale scheme will be affected by
climate change causing serious impacts on food production, water availability, livelihood and
economy of the system. Under scenario 2, 3 and 4, climate change will be likely to increase water
demand, decrease yield and cropping intensity, while shrinking water supplies. According to the
results, the cropping intensity can be increased by 25% by adapting to crop diversification (using the
crops described in the paper). Since the livelihood of the majority of the population in the scheme
depends on the agriculture, it is necessary to take adaptation measures as soon as possible. The
study suggests several adaptation options such as reduction of MOL, crop diversification, efficiency
improvements, storage enhancement etc. However, the selection of adaptation measures is a
decision of the policy makers, which should be followed by a comprehensive study.
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Mangrove ecosystems have the ability to sequestrate more carbon per hectare than any other
tropical forest. Therefore, degradation of mangrove ecosystems will result in the loss of carbon
reserves. Sri Lanka has less than 0.23% mangroves out of the total land area, indicating the
necessity to take conservation action.

Introduction

Global climate changeis likely the greatest challenge which is faced by society this century. Although
geological records show climatic changes throughout history, the present rate of global warming
threatens the survival of all ecosystems. Coastal ecosystems are more vulnerable to these changes,
and among the most highly affected ecosystems are the mangroves, coral reefs, and salt marshes
(Khan, et al., 2012). Climate change components that affect mangrovesinclude changes in sea level,
high water events, precipitation, temperature, atmospheric CO, concentration, ocean circulation
patterns and health of functionally linked neighboring ecosystems (Gilman, 2008). Of all outcomes,
from changes in atmospheric composition to alterations of land surface, relative sea level rise may
be the greatest threat to mangrove ecosystems (Khan, et al., 2012).

Despite the exceptionality of mangroves to adapt to the intertidal and hard environmental
conditions, they are mostly consisting of a group of salt-tolerant plant communities which are
adapted to grow in estuaries, lagoons and sheltered sea coasts of tropical and subtropical regions
(Mitra, 2013). Based on both macro and micro fossil records, it is evidenced that they have evolved
in the late cretaceous or early tertiary around the Tethys Sea (Ellision et al., 1999) and considered
to have originated after the first angiosperms, around 114 million years ago (Duke, 1992). In spite
of its ability to fix a greater amount of CO, via photosynthesis which is similar to the action of
phytoplankton in the tropical oceans (Kathiresan and Bingham, 2001), mangroves are classified
among the most carbon rich forest ecosystem in the tropics. Moreover, the issues such as emission
of green house gases and global warming can be addressed to mitigate the atmospheric CO, levels.
In addition, they can tolerate these climate changes to some extent (Alongi, 2015) because of their
physically and geologically dynamic intertidal environment which is primarily based on the interface
between land and sea in the low latitudes.
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Mangrove ecosystems are not only home to a wide variety of flora and fauna but they provide
numerous benefits for local human communities which are known as ecosystem services. Mangrove
ecosystems provide more than 70 direct benefits to mankind ranging from fuel wood collection
to fisheries (Kathiresan, 2015) excluding other numerous socio economic benefits (Aksornkoae,
1993). The main and presently important ecosystem service is high carbon sequestration ability
and productivity of this ecosystem. Comparatively mangrove ecosystems are the most productive
ecosystems on earth more than all other tropical ecosystems, which is also 20 to 50 times greater
than the average oceanic production (Mitra, 2013) and other tropical forests (Kathiresan, 2015)
respectively.

Mangrove ecosystems are considered as the most carbon rich forest type among the tropics
(Kathiresan, 2015). They store large quantities of organic carbon above and below ground
(Shamsudin et al., 2007). Mangrove ecosystems can sequestrate more carbon per hectare than
other tropical forests such as rain forests and marshes. Due to their higher ability of storing large
amounts of carbon, it was ranked as one of the most carbon rich ecosystems in the world (UNEP,
2014). In addition, the mangrove eco systems are able to store approximately 1000 tons per hectare
over thousands of years (UNEP, 2014), and many researchers have confirmed that the mangroves
are able to sequestrate carbon 50 times greater than other tropical ecosystems (Kathiretion, 2015).

It was estimated that the total above ground biomass of mangrove forests all over the world may be
over 3700 trillion grams of carbon (Tg) and the direct sequestration of organic matter in to mangrove
sediments is in the range of 14 -17 Tg of carbon per year (Kathiresan, 2015). It was reported that
the soil from 0.5m to 3m in depth in the mangrove ecosystem is responsible for the storage of 49% -
98% of carbon. Thus, mangroves are capable of accumulating and storing carbon in the soil in large
quantities, the mangrove ecosystem may have an important role to play in global carbon budgets
and in the process of mitigating climate change. Loss of mangroves will affect the global C budgets
significantly by losing stored C reserves which were fixed and stored by mangroves over a long time.
Cebrain, 2002, concluded that a loss of about 35% of the global mangrove resulted in a net loss of
3.8 X 1014 g C which was stored as mangrove biomass (Kathiresan, 2015).

Threats and Issues

Mangrove habitats harbor much of the world’s tropical biodiversity. Presently, 50% of the world’s
mangrove forests have been lost as a result of clearing and alteration of coastlines. Present global
extensions of mangroves have been recorded as 15.2 million hectares (Pawar, 2012). Extreme climate
change events such as sea level rise, changing ocean currents, increased storminess, increased air
temperature, changes in precipitation and increased atmospheric CO, can cause extensive impact
on mangrove ecosystems (Ward, et al.,, 2016). All these factors are inter-related and affect the
climate, geomorphology, biodiversity, forest structure and tidal range (Ward et al., 2016).
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1. Atypical mangrove ecosystem 2. Densely grown stilt roots of Rhizophora sp.
3.0rganic matters collected from mangrove soil. (Photographs by Manoj Prasanna)

Impact of Sea Level Rise on Mangroves

The global sea-level rise is one of the more certain outcomes of global warming and climate
change which creates vast threats to mangrove ecosystems since the mangroves are sensitive
to changes in inundation duration and frequency as well as salinity levels that exceed a species-
specific physiological threshold of tolerance (Friess, et al., 2012). Excessive flooding can lead to
shoot or plant death at the seaward mangrove margins as well as shifts in species composition
(Gilman, et al., 2008), which ultimately leads to a reduction in productivity and ecosystem services.
Mangroves have considerable resilience to fluctuations in sea level due to their ability to actively
modify their environment through surface elevation change processes, and their ability to migrate
inland over successive generations. Positive surface elevation change is influenced via the inputs of
autochthonous and allochthonous organic matter as well as the trapping and retention of inorganic
sediments and subsurface compaction (Ward, 2016).
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However, the coastal development, human settlements and other anthropogenic activities have
disturbed this natural process.

Impact of Storms and Hurricanes

Mangrove species possess physiological and biological characters that increase resilience to
the damage caused by storms. These characters include large nutrient reserves, rapid nutrient
turnover rates, and plant characters such as tolerance to inundation and salinity in some species
(e.g., Avicennia spp., Rhizophora Spp.). However, hurricanes and cyclones can substantially impact
mangroves through wave activity at the seaward margins uprooting trees and the wind damaging
branches and defoliating the canopy, but in extreme cases, these scenarios can lead to complete
removal, or large-scale loss of the mangrove forests (Ward, et al., 2016).

Impacts of Heavy Precipitations

Both extreme changes of precipitations such as heavy rains and droughts are likely to influence the
distribution, extent and growth rates of mangrove forests. For example, extreme changes in rainfall
may alter seasonal average salinity in the mangrove systems, although this will vary between fringe,
estuarine and interior mangroves. Precipitation decreases and evaporation increases can lead to
serious increases in water levels in soils and the affected soil salinity and resultant decreases in
seedling survival, productivity, growth rates and resultant mangrove loss and conversion to hyper
saline mudflats or salt marshes in the inter tidal zone. On the other hand, in high rain falls are
also linked to a subsequent increase in mangrove area as a result of the landward migration of
mangroves into the salt marsh or the mud flats which are occurring at the landward boundary of
the mangrove ecosystems (Ward, et al., 2016).

The responses to increases in rainfall could be favourable to the low saline loving species such as
Sonneratia and Brugieira. They show high growth rates in response to increase in precipitation.
Long term rainfall may change the species diversity, structure and species composition and the
zonation pattern of the mangrove ecosystems. Increased precipitation can also result in decreased
pore water salinity and sulfate concentration, which can increase mangrove productivity (Gilman et
al., 2007). Precipitation increases are also likely to increase riverine discharge, which in estuarine
mangroves will increase allochthonous sediment inputs, mangrove surface elevation, and resilience
to sea level rise (Ranasinghe, 2010).

Global Temperature Increase

Global temperatures are predicted to increase up to 4.8° C by 2081-2100 relative to 1986—2005
(IPCC, 2013, RCP8.5). This temperature increase is likely to influence mangrove species composition,
phenology, productivity, and ultimately the latitudinal range of their distribution. At present, many
mangroves are confined by minimum air temperature of the coldest month by 16° C (Saenger 2002)
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in the tropical and few sub-tropical areas, but according to the predicted global warming patterns it
will be distributed all over the world.

As in all other wetland ecosystems, mangrove ecosystems also emit a small amount of methane
(CH, ) to the atmosphere. It is a greenhouse gas but when compared to the amounts of carbon
sequestrations by the Mangrove ecosystems it is negligible. According to the research results of
Purvaja and Ramesh (2000), which were conducted at Pichchawaram estuary in South India, the
preliminary CH, emission estimates for the mangrove ecosystems along the Indian sub- continent
and the tropical and subtropical coastline of the world by linear extrapolation was based on a
surface area range of 0.05t0 0.37 and 2.8 t0 19.25 Tg CH, year-1 respectively. Some research results
also highlight the impact of human activities on future emission of methane from the mangrove
ecosystems (Purvaja and Ramesh, 2000).

However, mangroves in SrilLanka show ascattered distribution around the country in areas bordering
lagoons and estuaries (Bambaradenivya, et al.,2002) which is a total extent of 15,670 ha and a
proportion of less than 0.23% from total land area (Edirisinhe, 2012). Therefore, this is the time to
conserve rehabilitation of mangrove ecosystems in the world to mitigate the climate change.
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Better understanding of crop responses to short and long-term drought conditions contribute to
developing of strategies for a climate change adaptation, sustaining economy and well-being of
rural farmers. It was proven that different varieties/ cultivars of Sesame (Gingelly/ Thala) do not
show a yield penalty when grown under drought conditions despite its difference in early growth
responses.

Drought is the Most Frequent Natural Disaster in Sri Lanka

Climate change in Sri Lanka has brought about frequent and prolonged drought events over the last
century causing severe damages to agricultural crops (MDM & WFP 2016; Gunda et al., 2016). Food
security is further challenged if drought events are frequent and intensified. Climate models forecast
that the country’s entire dry zone is markedly susceptible to drought during Yala season, while only
the extreme localities in south-eastern and north-western regions are likely to be affected in Maha
season (Chithranayana & Punyawardena 2009). Hence, dry zone of Sri Lanka is considered as a high
priority area in drought mitigation plans and national development agenda (UNDP, 2012).

Drought Adaptation Strategies in Agriculture

Crop diversification, integration of climate models into crop, land and water management plans,
choosing the best sowing dates and breeding and adopting of drought resistant varieties/ cultivars
are the best agricultural practices suggested for drought mitigation plans (FAQ, 2016). In this regard,
availability of knowledge on crop performance in response to drought conditions is of paramount
importance to screen the best yielding crops.

Different crops respond differently to given drought conditions, hence it is crucial to study drought
effects on crops. Such work has already been extensively researched and insights have been made
to develop new drought resistant varieties for major crops such as Rice, Wheat, Soy, Sorghum,
Barley, and Maize, but many other economical crops are yet to be comprehensively studied.
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Sesame : The Queen of QOil Seed Crops

Sesame (Sesamum indicum L., Family Pedaliaceae), also known as gingelly, is one of the most
ancient oil crops, grown mainly in dry regions of the world. It is also a major oil seed crop cultivated
in Sri Lanka. At present, Sesame is grown at different scales in 23 districts of which 14 belong to
the dry zone and the total extent of land under Sesame cultivation remains around 13,120 ha
at present (Socio Economic and Planning Centre 2014). Different Sesame varieties/ cultivars are
being cultivated in different parts of the island. For instance, white seeded Sesame cultivars are
mainly grown in Hambanthota (South-eastern) especially, in Yala season. Black seeded cultivars are
commonly cultivated in Puttalam and Mannar districts (North-western) of the country, mainly in
Maha season.

Sesame seed is a popular raw material in the confectionary industry and it is also being used for
extracting vegetable cooking oil. Sesame oil is applied for enhancing skin fairness and healthiness.
Both seeds and oil are used for culinary and medicinal purposes. Stems, roots, leaves, and seeds of
Sesame plants are considered as valuables sources of medicines in the Asian indigenous medicinal
industry (Jayaweera 1982; Ross 2007).

The international market for Sesame seeds has risen significantly and it has expanded by nearly 80%
in the last 15 years (Hansen 2011). This is due to three major reasons: i) Sesame has high medicinal
and nutritional value, ii) it is consumed in both oil and confectionary industries and iii) it yields
high-grade oil with a high proportion of unsaturated fatty acids, protein content and antioxidants
(Hegde 2012).

Investigating Drought Responses of Sri Lankan Sesame

A series of laboratory and field experiments were conducted on ten different Sesame varieties/
cultivars including Black seeded cultivars, improved cultivars (Uma and Malee), landraces (ldal and
Pokuru) and its wild relatives to evaluate responses to simulated drought during germination and
plant growth.

Sesame varieties were drought susceptible at a tension as high as -1.00 MPa during germination
and seedling development stages. Amongst the tested varieties/ cultivars, improved cultivars (Uma
and Malee) were shown to be the most drought tolerant at the germination stage and landraces
(Idal and Pokuru) were the least susceptible to drought during seedling growth. Wild Sesame
plants were highly sensitive to water deficit conditions during germination and seedling growth.
According to Welbaum et al., (1998), embryo cells accumulate solutes to increase in turgor pressure
to overcome the resistance from surrounding tissues for radicle penetration during germination.
A similar mechanism would have allowed Sri Lankan Sesame seeds to germinate in a water limited
environment by facilitating water uptake through osmosis. In addition, seedlings of some Sesame
varieties/ cultivars developed a morphological adaptation such as development of a deep root
system to avoid drought stress.
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Imposed drought conditions in the field revealed that Sesame showed a greater plasticity before
they flower (vegetative period) in response to the simulated water stress levels. Drought treatments
had a significant negative effect on plant height at maturity, plant root weight and root to shoot ratio.
Drought effect on biomass partitioning was evident in mature plants of Sesame varieties/ cultivars as
more biomass was reported in below ground parts than the above ground. Biomass partition is the
process by which plants translocate their photosynthetic products (Photosynthates) among plant
parts (above ground and below ground) and it occurs according to the function balance between
the growth of these parts. However, yield parameters and the harvest index did not change among
different drought intensities simulated. A significant varietal effect was also observed. Wild varieties
showed a slow growth during the first two months and a significantly low yield, while significantly
higher yields were reported from Uma, Malee, Idal, and Black seeded Sesame. Vegetative growth
and yield performance of the tested Sesame varieties showed that it can tolerate low soil moisture
content up to 81 % soil moisture depletion. Even though the vegetative growth of some cultivars
(Black and Pokuru) was affected by the water deficit conditions, there was no negative difference
reported on their yield.

Drought Tolerance of Sri Lankan Sesame

Findings of our studies have proven that Sri Lankan Sesame cultivars and wild varieties are well
adapted to survive under the dry weather and show high tolerance to drought conditions. Studies in
India and Pakistan by Garai & Datta (1999) and Nadeem et al., (2015) have suggested that optimum
Sesame yield can be obtained with only three irrigation events after planting. This is because
drought tolerant plants optimize crop water uptake by allocating more biomass to roots during
stress (Farooq et al., 2012). Plants that increase root depth, root to shoot ratio and maintain water
potential above that of the environment are termed as “Water Spenders’ (Bodner et al., 2015) and
it is a morphological adaptation that plants develop to challenge drought stress.

Subject to the cultivar and developmental stages exposed to drought, Sesame expresses versatile
morphological adaptations to survive drought including, but may not limited to, excessive root
growth, maintaining high root to shoot ratio, reduced leaf area and stature, early maturity and high
plasticity. In addition, increased cuticular wax deposition is evident in Sesame leaves grown in water
limiting environments (Kim et al., 2007). Furthermore, comprehensive studies conducted on Sesame
plants of different genotypes to investigate the drought responses have shown that Sesame plants
adapt various physiological strategies to survive drought periods and that include osmoregulation,
antioxidant enzymatic defence systems, changes in plant water relations and increased chlorophyll
b and total chlorophyll contents (Fazeli et al., 2007; Mensah et al., 2009; Kadkhodaie et al., 2014).

Promoting Sesame Cultivation in Sri Lanka

Nearly two-thirds of land mass in Sri Lanka is under the influence of dry weather. Hence, the
findings on varietal resilience to drought stress are of immense importance to farmer and scientific
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communities for selecting drought tolerant Sesame varieties for cultivation and scientific research.
Besides improved cultivars (Uma and Malee), Pokuru, a landrace with great developmental
plasticity, can be considered as a potential cultivar for cultivation in different regions. It also
indicates the pressing need to conserve the genetic diversity of the tolerant local Sesame races and
further improve their characteristics to obtain better harvest for Sesame. However, answers are also
needed as to how drought tolerance could act upon the quality and quantity of Sesame oil content
and other constituents, and disease resistance capacity of the cultivars. It will also be important to
develop cultivars with indehiscent capsules or delayed dehiscence in capsules to lessen seed loss
from firstly matured capsules. Due to its indeterminate nature of development, waiting for newly
produced capsules at the top of the stem to mature causes a great loss in seeds from the already
shattered capsules at the base.

Other than crop improvement, research on marketing development is also important at the national
level to encourage farmers to engage in Sesame cultivation.

Conclusion

Drought is a major abiotic stress for crops that can be exposed to it at any time of the cultivation
period. Due to climate change, more frequent and intense drought events are predicted to occur in
future. Food production is already a challenge due to ever growing human population and limited
availability of arable lands. Therefore, selection of suitable crops and cultivars is a key decision
to make during cultivation. Sesame is a crop with multiple benefits providing substantial income
to rural communities. Studies conducted on Sri Lankan Sesame showed that it has the potential
to successfully survive under dry weather and that it shows high tolerance to drought conditions
under which it is largely grown.
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This article is based on an undergraduate research project which assessed the impact of extreme
weather events on coconut productivity in selected locations of Sri Lanka. The article specifically
deals with how drought conditions in the country affect coconut productivity and the subsequent
effect on the country’s economy and the people’s well-being.

Introduction

There has been a growing concern about the impact of extreme weather events on crop production
across the globe, Sri Lanka being no exception. Coconut is becoming a rare commodity in the
country, mostly due to the impacts of climate change and certain other socioeconomic reasons. The
price hike in coconuts over the last few years is a good indication of how climate change is affecting
the food crops. Most coconut trees are no longer bearing fruits and those that do, have nuts which
are relatively very small in size.

The livelihood of most people living in humid tropics depend on the coconut palm (Peiris et al.,
1995). Indonesia, Philippines, India, Brazil, Sri Lanka and Thailand are the largest producers of
coconut in decreasing order of importance (FAOSTAT, 2014).

Coconut in Sri Lanka

Coconut is one of the major plantation crops in Sri Lanka and is second only to rice in providing
nutrition (Samita & Lanka, 2000). Coconut cultivation represents 21% of the agricultural land of the
country and significantly contributes to Sri Lanka’s Gross Domestic Product (GDP), export earnings
and employment (Fernando et al., 2007).

The highest coconut production of Sri Lanka, which is above 70% of the national production, comes
from the Coconut Triangle (Fernando et al., 2007). The Coconut Triangle is formed by Gampaha,
Kurunegala and Puttalam districts which belong to three climatic zones: Wet, Intermediate and Dry,
respectively.
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Coconut Growth Cycle

The growth cycle of a coconut bunch lasts 38 months, from the initiation of the inflorescence
primordium to full maturity of the nuts (Peiris et al., 2008). Of the total period, pre-fertilization
phase lasts 27 months in which the inflorescence is covered by a spathe (Figure 1). Fertilization and
post-fertilization phases start with the spathe opening and last 11 months resulting in a mature
bunch of coconuts (Figure 1); (Ranasinghe et al., 2015). Of this, the first three months subsequent to
inflorescence opening is said to be the period most vulnerable to climatic variation (Ranasinghe et
al., 2015). On average, one inflorescence opens every month of a year producing mature nuts ready
to be harvested after nearly a year.
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18- 20 Mortha ) (4 Sienthis) [RAR ] L -

e P

aturw A
::“.;; :ﬁ RO T AN e
Opening
Before Inflorescence Opening " After Inflorescence Opening

Figure 1: Development stages of a coconut bunch (Source: Coconut Research Institute, Lunuwila)

The coconut yield depends on climatic variables such as rainfall, temperature and relative humidity
in addition to other externalfactors such as pest attacks, diseases, crop management, land suitability
and nutrient availability (Peiris et al., 2008). Optimum weather conditions for the growth of coconut
include a well distributed annual rainfall of about 1500 mm, a mean air temperature of 27°C and
relative humidity of about 80-90% (Peiris et al., 1995).

Impact of Extreme Weather on Coconut Productivity

The current study analysed the impact of occurrence of extreme weather events considering
average monthly temperature and rainfall over a 21 year period (from 1995 to 2015) at selected
coconut estates in wet, dry, and intermediate zones of Sri Lanka. Our study revealed that a drought
can especially impact coconuts during the first four months after inflorescence opening, which had
a negative impact on the productivity especially in the dry and intermediate zones (as revealed by
the statistical analyses and the model relationships developed in this study). Considering the period
from flowering to the harvest, the effect of a drought in the given year on coconut productivity will
only become evident during the following year. Previous studies have shown that the exposure of
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male flowers to high temperature could have a negative influence on pollen production, as shown by
Burke, Velten, & Oliver (2004) with their analysis on cotton pollen germination. Similarly exposure
of coconut flowers to drought conditions results in flower and fruit abortions (Nainanayake et al.,
2008).

Most of the time, the negative influence of very high temperatures on health (and productivity) of
coconut trees was evident even from the appearance of the coconut palms (Figure 2).

Figure 2: Poorly developed coconut palms in a drought period in the intermediate zone
(Hiriyala Estate, Kurunegala - photographed on 5th October 2016)

Drought conditions not only disrupt the physiological functions of the coconut palm, but also
contribute to incidences of pest attacks. At present, the Coconut Black Beetle and the Coconut Red
Weevil pose the greatest threat to coconut plantations in Sri Lanka. Drought conditions are very
conducive for Coconut Black Beetles to pupate deep in the soil (Nirula, 1955).

When looking at weather data during the study period of 21 years, it is evident that the drought
conditions are associated with El Nino Southern Oscillation (ENSO) phenomenon. The increased
number of low rainfall days in the years 1997, 2002, 2006, 2009, 2014 and 2015 can be linked with
the prevalence of an ENSO phenomenon in the respective years (Legler, 1998).

Implications of the Findings
This study reinforces the importance of being aware of the implications of climate change on crop

productivity. The findings of this study can contribute to the coconut plantation sector in Sri Lanka.
Those involved in this sector, including the superintendents of the estates as well as the labourers,
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appeared to be aware of the warming trend of the climate. They have adopted soil moisture
conservation methods such as mulching, burying coconut husks and growing cover crops to prevent
extreme evapotranspiration. These are short term solutions. If we are to think about sustaining the
coconut cultivation in the long-term, it is important to focus our efforts on developing drought-
tolerant hybrids.

Global climate is projected to change continuously due to various natural and anthropogenic
reasons. Policy makers and market decision makers can utilize the knowledge on how coconuts
respond to drought conditions to formulate better policies and prices. This information can enable
us to be better prepared and minimize loss and damage caused by a drought resulting from climate
change.
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This article discusses evidences to the presence of Lead in our environment and the potential for
Lead toxicity in humans due to the increase in atmospheric temperature from global warming.

Background

Lead (Pb) is a bluish-white lustrous metal found naturally in the earth’s crust, usually in ore with zinc,
silver and copper. Itis malleable and is a poor conductor of electricity. It is resistant to corrosion but
tarnishes when exposed to air. It is extracted for many uses, primarily being the production of Lead
acid batteries and paint. Another main use is in the glass of computer and television screens, where
it protects the viewer from radiation. It is also found in many pesticides and in decorative paints.
Further, Lead is added to cosmetics, Ayurvedic or other folk medicines, illegal drugs, spices or other
foods, either to colour the product orto increase its weight. It occurs in the environment in the form
of particulate matter as black carbon from the incomplete combustion of biomass, biofuels and
fossil fuels. Therefore, Lead is present in soils, in outdoors, indoors and in the atmosphere.

Lead gets ingested very easily by children when they play with soil and from paint on furniture and
walls. Adults are exposed through inhalation of Lead from the atmosphere and from their work
places. According to the Centre for Disease Control, blood Lead level that indicates the need for
medical intervention is 10ug/dL. Lead has a half-life of 25 days in the blood stream and 50 days in
soft tissue.

Lead replaces iron and calcium within the body. Mainly, it gets deposited inside the bones.
Hence, its capacity for treatment is limited. Even trace amounts have significant neurological and
cardiovascular effects and large quantities are fatal. Lead in the blood stream kills brain cells and
replaces calcium in the nervous systems and brain. Lead has the ability to reach the foetus and high
Lead levels in expectant mothers have been linked to schizophrenia in their children. It has toxic
impacts on organs such as the kidneys and liver. It produces anaemia by preventing the formation
of haemoglobin inside red blood cells reducing the blood'’s ability to carry oxygen. It is also known
to produce low 1Q levels through brain damage.

Lead can be absorbed either through ingestion or through inhalation, and to a lesser extent from
skin absorption, especially when the skin is sweaty. Children in particular, are more vulnerable to
Lead toxicity, since their exposure to Lead is more. They ingest Lead through normal hand-to-mouth
activity and are more able to absorb Lead through ingestion.
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A Few Incidences of Lead Poisoning in Sri Lanka

Lead poisoning was reported in a study conducted on traffic policemen in 1996 where a mean of
53.07 ug/dL was reported causing wide concern over the use of leaded petrol. A study was also
conducted of children living near a highly congested junction in Colombo in 2001 which revealed high
Lead levels in blood. A case was reported of Lead poisoning of a 9 month child (Punchihewa et al.,
2000) where Lead was both inhaled and ingested during the process of smelting of vehicle batteries
at home. Further, the Centre for Environmental Justice (2014) reported of enamel decorative paint
brands sold in Sri Lanka containing more than 600 pg/dL of Lead. A study (Richardson et al., 2015) of
oil contaminated soils from power plant locations in Chunnakam, Jaffna, where plant effluents and
oily wastes had been disposed to the nearby land plots over several years without any mandatory
regulations being followed, also revealed high percentages of Lead in soils.

These are some studies that reveal the availability of high amounts of Lead in our environment.
Subsequently, there are also many undocumented incidences of Lead toxicity through the smelting
of Lead acid batteries as a home industry.

Measures Taken to Reduce Exposure to Lead and its Aftermath

Lead was used as an additive into fossil fuels until the ban in 2002. Despite the phasing out of
Leaded petrol in countries, the Lead deposited by petrol combustion in fine particulate dust over
decades remains a cause for concern. In situations where ambient moisture is low, soil (particularly,
the finer grained soil most likely to be contaminated by gasoline Lead in the past 90 years) becomes
re-suspended in the atmosphere making up over 50% of fine particle pollution. Soil re-suspension
can contribute over 40% of atmospheric Lead content after Leaded gasoline has been phased out
(Taylor, et al.,2009)

In a study conducted on traffic police wardens (Sebastiampillai et al., 2015) of blood Lead levels
after several years after the introduction of unleaded petrol showed a significant decline in mean
blood levels by as much as 91%. But, there were 24.4% of wardens with blood Lead levels above
the safety limit. This study also shows that Lead poisoning is still prevalent despite the cessation of
a significant source of environmental Lead pollution.

A study conducted on blood levels of children before and after introduction of unleaded petrol
(Senanayake et al., 2004) revealed that there was no significant decrease in blood Lead levels in
the younger age group (below 5 years of age) but there was a significant reduction in the older age
group. In younger children the gut absorption of Lead is four times higher than adults and their
exposure to Lead is also more.

In Sri Lanka, the Consumer Affairs Authority (CAA) set mandatory standards for the regulation of
Lead in decorative paint in Gazette Extraordinary No 1725/30 on 30 September 2011 which directs
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that “No Manufacturer, Importer, Packer, Distributer or Trader shall manufacture, importand use or
distribute, pack, store or sell or display for sale, expose for sale or offer for sale, wholesale or retail
any paints unless such paints shall conform to the corresponding Total Lead Content given hereunder
as specified by the Sri Lanka Standard Institution for such paints (the permissible maximum Lead
content- paints for toys, accessories for children —soluble in HCI acid, 90mg/kg; enamel paints
600mg/kg; emulsion paints for exterior use, 90 mg/kg; emulsion paints for interior use 90mg/kg;
floor paints, 600 mg/kg). The Direction was to come into effect on January, 1st,2013”. A subsequent
gazette was released in 2014 requesting the Lead level to be printed on the paint label. In a study
conducted by the Centre for Environmental Justice (2015) two years after the regulation, certain
brands of paint manufactured after 2013 contained less than 600 ppm of Lead. But, there were
still paints on the shelves which were produced before 2013 and there were also some that were
labeled as ‘Lead Free’ and manufactured after 2013 but which still contained more than 600 ppm
of Lead.

Sri Lanka ratified the Basel Convention in 1992 and a Cabinet decision was obtained to prohibit the
import of hazardous waste from all countries for final disposal or for recovery.

The National Environmental (Protection & Quality) Regulation No.1 of 2008 has prescribed discarded
batteries containing Lead, Mercury, Nickel, Cadmium and Lithium and electrolytes from batteries
and accumulations as hazardous waste that requires a license for handling. The National Electrical
and Electronic Waste Management Policy in Sri Lanka of 2008 covers the waste collection, storage,
transportation, treatment and disposal activities. Technical guidelines were prepared by the Central
Environment Authority in 2005 on reconditioning and transportation of used Lead acid batteries.

In the disposal of e-waste, open burning and incineration methods are used. This results in the
generation of gases and residue ashes such as ‘bottom ash’ and ‘fly ash’. The bottom ash results
in soil and ground water pollution and fly ash results in the release of greenhouse gases and air
pollution. The leakage of heavy metals including Lead from landfill sites create soil and water
pollution.

The improper recycling of Lead acid batteries using domestic smelting processes result in Lead
poisoning of humans and contamination of soil, water and air.

However, the public is still not aware of disposal procedures, the list of collectors or collection
points. Further, monitoring is not conducted of these recycling institutions to verify the use of
correct procedures. There have been cases reported from certain areas where the battery recycling
companies get villagers to smelt the batteries at home. Most Lead poisoned victims are then treated
privately for chelation.
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Impact of Global Warming on Lead Poisoning

The environment still contains particulates of Lead from the previous use of Lead based paints in
households and from leaded fuels. These have also been deposited in soils besides the Lead from
pesticides. Moreover, malpractices in waste disposal and smelting of batteries have also resulted in
Lead poisoning of the environment.

The change in environmental factors such as temperature, precipitation and salinity will unavoidably
affect the toxicity characteristics and behavior of trace metals. Increases or decreases of any climate
change parameter would change their volatility.

These changes in environmental factors increase the release of Lead to the environment. Lead
poisoning health effects are worsened by higher temperatures, and Lead stored in bones returns
into the blood during ageing. This increases the burden of an ageing population which has slow
reaction times, poor memory and hearing, balance problems, increased irritability, osteoporosis
and mental decline.

Sri Lanka has seen an increase in atmospheric temperatures this year (2017) with a maximum
temperature of 37.3°C at Polonnaruwa. Prolonged droughts and floods were also experienced this
year. Droughts cause the fine silt particles containing Lead to disperse and subsequent floods cause
residual Lead particles in soil to be uncovered and spread more widely.

Despite the fact that Sri Lanka is not one of the major contributors of global warming, the combustion
of fossil fuels emitting CO, to the environment and black carbon which is a warming agent triggers
global warming.

Within the energy sector in Sri Lanka, the highest (49%) of CO, is released from the transport sector.
CO, is one of the main greenhouse gases which cause the greenhouse effect resulting in global
warming. Which in turn accelerates the release of Lead to the environment. Further, 56% of total
energy consumption in Sri Lanka is from biomass and hydro. Incomplete combustion of fire wood
releases particulate matter in the form of soot to the environment. This too contains black carbon.
Wood smoke ranges from 0.1-3.0mg/kg Lead emission of wood burned. Therefore, burning three
tonnes of wood will result in between 0.3 and 9g of Lead emissions.

Abatement of Climate Change Will Cause Abatement of Lead Toxicity
Efforts to mitigate climate change through reduced carbon combustion will change the quantities
of Lead available to be released into the environment, as well as reducing global warming. Both

increased waste dispersion and increase of greenhouse gas emissions have significant implications
for the management of Lead waste.
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One of the most widely reported greenhouse gas contributors is coal. Since the phasing out of
Lead petrol in most industrialized countries, coal-based power production has been a significant
contributor to atmospheric Lead pollution and CO..

Global warming would be reduced through the use of alternative energy sources such as solar,

wind, hydro and dendro. However, in the developing world’s perspective, the priority should be
reducing forest clearing, as not only does it produce 18% of greenhouse gas but over 5% of black
carbon emission. Hence, some decline in Lead emission would ensue.

Climate change actions must also reduce exposure to Lead, the most common industrial contaminant
or Lead poisoning rates will rise globally.

Best Practices for the Remediation of Lead

Two most common sources of Lead in garden soils are the past use of lead-based paint and leaded
gasoline. Other less common sources include some types of pesticides, smelters, coal-based
furnaces and Lead acid batteries.

A study conducted in the US by Prof. Ganga Hettiarachchi (2014) revealed that by adding organic
matter-like compost to soils changes the absorption of Lead. Some substances in compost, notably
phosphorous and iron oxides, can help holding Lead in soils, thereby reducing its availability to
plants.

Hence, vegetables need to be washed thoroughly so that no soil gets ingested. Root vegetables
should be peeled removing a thick layer of skin.

Further, chelation therapy which is the process to remove toxic metals and minerals from the body
using chelating agents can be applied as a precaution to reduce absorption of Lead in the body.
Ayurvedic chelating agents for Lead are coriander leaves and garlic (Pandey et al., 2016). Individuals
who are iron and calcium deficient are more susceptible to Lead exposure. Eating healthy, low-fat
foods high in calcium, iron and vitamin C will help to reduce intake of Lead.

In households where Lead based paints have been used previously, children should be prevented
from chewing painted objects. If repainting is to be done, dry sandpapering should be avoided and
the surface should be wet scraped or wet sanded to prevent the release of leaded dust into the air
(Rubasinghe et al.,2014).

Children’s hands and toys should be washed regularly to minimize ingestion from soil and toys.
Floors should be wet mopped and window components wet wiped. It is best if sand boxes could
be provided for children to avoid playing with soil. Shoes should be left at the door and washable
entryway mats used to prevent soil being tracked into the house.
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House hold water should be checked for Lead contamination and for use of taps made of material
that contain Lead. If household water is a suspected source of Lead contamination, drinking or
cooking with hot tap water should be avoided since Lead is more soluble in warm water.

Conclusion

There is a necessity to conduct more research on Lead toxicity of the environment and take
preventive actions. There is a need to bring about systemized monitoring programmes and a
third party certification scheme to verify the percentage of Lead in paints. The Consumer Affairs
Authority needs to be stringent in checking constituents of Lead in food products that are both local
and imported. Pesticides and other chemicals used in agricultural practices should also be tested
for Lead. Despite the fact that there are recyclers of Lead acid batteries, the public is not aware
of the awvailability of the collection centres. Therefore, these batteries end with the municipality
waste. There is a need to create awareness among the public on disposal and hazard of Lead acid
batteries. Further, there is also a necessity to monitor these recyclers to ensure that they follow
correct procedures.

Furthermore, by decreasing the combustion of coal, reducing deforestation, reducing traffic
congestion and reducing the combustion of fossil fuels, mitigation of climate change will occur,
thereby reducing Lead toxicity of the environment.
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Climate change endangers human health, affecting all walks of life, and Sri Lanka is no exception.
It is very important to identify the risks to human health to better manage the adverse effects.
Health issues related to vector borne diseases, extreme weather events, air pollution and rising
temperature have been identified as priority climate sensitive health issues in Sri Lanka. The
Environmental and Occupational Health Directorate, being the focal point for climate change in
the Ministry of Health, has taken a lead role in addressing the climate sensitive health issues with
other intra sectoral stakeholders.

Introduction

Climate change endangers human health, affecting all walks of life and Sri Lanka is no exception.
Changes in the greenhouse gas concentrations and other drivers alter the global climate and bring
about adverse human health issues. The environmental consequences of climate change, both those
already observed and those that are anticipated, such as sea-level rise, changes in precipitation
resulting in natural disasters, heat waves and degraded air quality, affect physical, mental and social
wellbeing of humans both directly and indirectly. Addressing the effects of climate change on human
health is especially challenging because both the surrounding environment and the decisions that
people make influence health.

Climate change adaptation and mitigation are receiving much attention, given the inevitability
of climate change and its effects, particularly in developing country contexts, where the effects
of climate change will be experienced most strongly and the response mechanisms require
strengthening.

Expected Changes in the Climate in Sri Lanka

The climate in Sri Lanka is projected to change in a number of ways. These include:
¢ Gradual increase in ambient air temperature
¢ Changesin distribution pattern of rainfall
¢ Increase in frequency and intensity of extreme weather events
¢ Sea level rise
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Health Priorities for Sri Lanka

In order for the health sector to start planning and responding to the health risks posed by climate
change, it is very important to understand the current climate sensitive health issues in Sri Lanka.
The following have been identified as priority climate sensitive health concerns of the country:

Morbidity and mortality due to vector borne diseases

Morbidly and mortality due to increased incidence of extremes weather
Health risks due to pollutants that could affect the weather and climate.
Health effects due to increased heat and thermal stress

Sri Lanka has reviewed the health impacts arising from climate change and identified the following
areas for priority action:

Vector borne diseases

Extreme weather events

Health risks due to air pollution

Health issues related to rising temperature

Vulnerable Populations and Areas

Certain groups and specific areas are likely to feel the impacts of climate change more than others.
In Sri Lanka, the most vulnerable populations are:

¢ Informal sector agricultural workers

e Urban poor

e Communities living near the coastal area

e Communities living in natural disaster prone areas
Children, elderly and people with existing chronic diseases

Institutional Level Response for Climate Change Impacts on the Health Sector
Directorate of Environmental and Occupational Health

The Directorate of Environmental and Occupational Health of the Ministry of Health is the focal
point for climate change at the Ministry of Health, Nutrition and Indigenous Medicine. The focal
point liaises closely with the Climate Change Secretariat of the Ministry of Mahaweli Development &
Environment. The Directorate has provided technical guidance on health aspects of climate change
in developing national reports on Technology Needs Assessment and Technology Needs Action Plans
on Climate Change Adaptation 2014, Technology Needs Assessment and Technology Needs Action
Plans on Climate Change Mitigation 2014, Climate change Chapter of “Haritha Lanka Plan” 2014,
National Climate Change Adaptation Plan of Sri Lanka 2016-2024 and report on Intended Nationally
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Determined Contributions to name a few. The Directorate has held several meetings with the
relevant stakeholders to facilitate the implementation of the Nationally Determined Contributions
on adaptation for the health sector.

Capacity building of Public Health staff is vital in conducting activities on adaptation and mitigation
to climate change at the grass root level. The Directorate has engaged in capacity building of health
staff onclimatechangeand health and trained around 450 persons. Workshops have been conducted
in 14 districts throughout Sri Lanka to build the capacities of Medical Officers of Health, Additional
Medical Officers of Health, Supervising Public Health Inspectors and Public Health Inspectors on
climate change and health since 2014. They are expected to conduct awareness programmes for
school children and communities in their respective areas. Additionally, climate change and health
lectures have been incorporated into Postgraduate Medical Education namely, MSc in Community
Medicine, Medical Administration and Diploma in Disaster Management.

The Directorate has developed IEC material on climate change and health to facilitate the process
of community awareness. A poster and a chapter on climate change and health in an environmental
booklet were developed.

Heat related issues have been observed during the recent past and the Directorate, together with
the relevant stakeholders, initiated the development of a Heat Health Action Plan for Sri Lanka. The
final draft has been prepared and it will be published in 2017. This action plan will pave the way for
stakeholders to act in a concerted way in responding to heat health issues.

Epidemiology Unit

Epidemiology Unit is the main focal point for control and prevention of communicable diseases in
Sri Lanka.

Sri Lanka has a well established, widely accepted, and successfully functioning communicable
disease surveillance and control programme, which is mainly handled by the Epidemiology Unit
of the Ministry of Health. Both preventive and curative health institutions in central, divisional
and primary levels and designated health staff attached to these places are involved in proper
functioning of the disease surveillance and control programme. Continuous collection, orderly
consolidation and evaluation of data of communicable diseases with prompt dissemination of
results to deploy remedial action to prevention and control are currently well established in Sri
Lanka. Trends of climate sensitive vector borne diseases such as Dengue, Malaria and Leptospirosis
are being monitored by the Epidemiology Unit. Additionally, food and water borne diseases are
monitored closely. Epidemiology Unit has planned for using GIS to monitor communicable disease
surveillance for the whole country.
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National Dengue Control Unit and Anti Malaria Campaign

These national-level institutions in the health sector are mainly responsible for control of dengue
and malaria respectively. National Dengue Control Unitis involved in Dengue surveillance, integrated
vector management, social mobilization, inter sectoral coordination and facilitation of dengue case
management. Even though Sri Lanka has eliminated malaria, the campaign is actively engaged
in case surveillance, entomological surveillance and parasitological surveillance to maintain the
malaria free status.

Disaster Preparedness and Response Unit (DPRU)

Possible impacts on the health of the people of Sri Lanka through emergencies and disasters that
could be associated with climate change and its effects have been taken into consideration by the
Health Sector of Sri Lanka. Health Sector Disaster Preparedness and Response capacity have been
improved over the last decade in a systematic manner in order to enhance the ability of the health
sector to disasters triggered by climate change.

Ministry of Health has identified the pivotal role that it has to play in disasters; hence a National
Steering Committee for Health Sector Disaster Management has been established. Disaster
Preparedness and Response Division (DPRD) has been established at the Ministry of Health to
coordinate disaster preparedness and response operations. Focal points have been appointed to
each major health institution in the country to liaise with the DPRD.

DPRU has conducted a number of training programs to enhance the capacity of the health staff
on disaster preparedness and response triggered by climate change. Health Sector Disaster
Management Diploma program has been established during which medical officers are exposed
to climate change and its impacts on human health. In addition, disaster preparedness plans have
been developed and tested in all major hospitals in the country. It should be highlighted that the
disaster scenarios identified by Health Institutions in developing and testing their plans have taken
in to consideration extreme weather conditions that could affect the Health Institutions as well as
the communities they serve.

Safe Hospitals Initiative pioneered by the World Health Organization has been introduced by the Sri
Lankan health sector as a tool to ensure the functioning of the Health Institutions before, during and
after disasters. The concept has been integrated into the Strategic Plan for Health Sector Disaster
Management according to which a national initiative has been launched to make Health Institutions
safer.

Strengthening research and development is needed in the area of climate change and health.
Monitoring of diseases due to climate altering pollutants, especially among vulnerable populations
such as children, is important to identify trends. Generation of evidence on climate change and
health in Sri Lanka will facilitate planning action to better serve our citizens.
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Conclusion

Health sector has identified climate sensitive health issues in Sri Lanka, and has taken several
measures to better manage these. However, further strengthening of the health programmes will
pave the way for creating a more resilient health system in addressing climate sensitive health
issues. Strengthening the capacities of the curative as well as preventive health sector in addressing
climate health risks becomes vital in building a more resilient health system.
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Health sector will be called upon to respond to disasters and emergencies resulting from climate
change. Different ways that health sector may be called in to perform during such disasters
and emergencies are discussed. Best practices and lessons learnt from recent disasters and
emergencies in Sri Lanka are shared. Recommendations are made to make health sector better
prepared to face emergencies and disasters which may occur as a result of climate change.

Climate Change and Health

Climate change, health and disasters are closely linked “?. This article will provide an overview
of health sector preparedness and response to climate change related disasters and emergencies,
from both global and Sri Lankan perspectives.

Disaster and Emergency

A disaster is defined as a serious disruption of the functioning of a community or a society at any
scale due to hazardous events interacting with conditions of exposure, vulnerability and capacity,
leading to human, material, economic and environmental losses and impacts. ®\. An emergency
could be responded to using the resources available at hand, indicating that there is no need to
request external assistance. A disaster, however, is characterized by impacts that overwhelm the
capacities of local responders and place demands on resources which are not available locally .

Link Between Climate Change, Health Emergencies and Disasters

Temperature rise, sea level rise and altered weather patterns due to climate change could result
in floods, landslides, cyclones, heat waves, disease outbreaks, food scarcity, water scarcity,
displacement and violent conflict. Resulting emergency conditions, if not managed properly, would
lead to disasters. Health response becomes an essential aspect in responding to any emergency or
disaster (Figure 1).
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Figure 1: Link between Climate Change and Health

Floods, landslides and cyclones which could occur as a result of climate change may have serious
demands on the health systems. Health services will be required for the management of the
casualties, diseased and displaced in the aftermath. During extreme heat, health systems may need
to provide preventive and curative health services in partnership with other stakeholders.

Communicable diseases may increase with the rising temperatures, as mentioned in the latest
report of the United Nations Framework Convention on Climate change which was presented to
the governments during the last round of climate change negotiations held in Bonn from 8-18 May
2017 P

Food and water scarcity create challenging demands on health systems. During food scarcity,
nutritional surveillance needs to be strengthened coupled with interventions to uplift the general
nutrition status of the community, continuing good infant and young child feeding practices,
targeted nutrition interventions for children with malnutrition, and blanket feeding programs for all
children under the age of 5, irrespective of their nutritional status, could be organized depending
on the severity of the food scarcity and level of malnutrition. Continuous community education,
empowerment and mobilization are critical during conditions such as drought ©. Water-borne
disease surveillance and water quality surveillance need to be strengthened. Chlorination of bowser
supplies, as well as boiling, filtration, solar disinfection and household chlorination, could be used.
Purified water must be stored properly in proper storage containers to prevent contamination 7.
Climate-induced human mobility and resultant “Climate Refugees” will also have considerable
socioeconomic costs with significant demands on health sector.
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Towards a Climate Resilient Health Sector — Some Examples and Best Practices
Safe Hospitals Initiative

Health facilities such as hospitals need to withstand the effects of acute shocks (floods, landslides,
cyclones) and chronic stressors (drought). Safe Hospitals Initiative pioneered by the World Health
Organization is aimed at assessing and improving the structural, non-structural and functional
aspects of hospitals. Strong and resilient building, robust life lines such as water, electricity and
medical gases, and trained, knowledgeable and skilled staff who can execute emergency plans are
key components of Safe Hospitals'®.

Ministry of Health has identified Safe Hospitals Initiative as a key strategy in its health sector
emergency preparedness and response plan from 2015 — 2020 *. Advocacy for policy makers and
training for health staff on Safe Hospitals Initiative are being done. Safe Hospitals concept will be
integrated to the rebuilding of health institutions damaged by the floods and landslides in May
2017.

Integrating Disaster and Emergency Preparedness to Health Sector

Health sector is an active stakeholder of the post-Tsunami disaster management ecosystem of Sri
Lanka ", A comprehensive program to build the capacity of health staff on disaster preparedness
and response has been established. One solid example is the health sector disaster management
diploma program administered by the Post Graduate Institute of Medicine supported by the
Ministry of Health. Medical Officers are selected through a competitive examination for this training
program. They receive six months of theoretical inputs from a multidisciplinary team of experts in
the field of disaster management. They are then attached to hospitals to conduct a risk assessment,
prepare a disaster management plan and to test the plan through a disaster drill. Financial support
is provided by the Ministry of Health for the above drill ¥,

In addition, many training programs are conducted to train other categories of health staff such as
Nursing Officers, Public Health Midwives and Public Health Inspectors in the field of health sector
disaster management. Inputs about Climate change and its link to health sector emergencies and
disasters are being emphasized during these trainings.

Assessment of Drought Resilience of Health Institutions

Drought is a protracted emergency which does not attract much attention and resources as
counterpart acute hydrometeorologicl disasters do. Effects of drought on health institutions too
are often overlooked Ministry of Health with the support of the World Health Organization has
commissioned a study to assess the drought resilience of health institutions in drought affected
districts of Sri Lanka. Through this assessment, current status of water supply, electricity supply
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as well as back up arrangements and coping mechanisms used by hospitals will be studied. Gaps
identified through the above assessment will be communicated to the relevant authorities in
order to lobby for attention and resources to bridge those gaps. Results of this assessment will be
beneficial, especially in the backdrop of climate change, in planning health sector preparedness and
response during protracted emergencies of drought.

Recommendations

Health sector is critical in managing climate change related disasters and emergencies when they
occur. Following recommendations are made in order to ensure prompt and effective response by
health sector during emergencies and disasters.

1.
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Smart Hospitals: Safe Hospitals Initiative needs to move into its next stage of Smart Hospitals.
Smart hospitals will be safe as well as green 2. During new hospital constructions, safety,
as well as green elements, needs to be introduced. Opportunities to introduce such green
concepts to established hospitals too need to be considered. Some green initiatives for
health sector include solar energy, rain water harvesting, storm water recycling and used
water recycling systems.

. Early-warning systems for Climate Health Emergencies: The health effects of climate change

are complex and dangerous. Early-warning systems need to be established to capture red
flags of climate change related health emergencies and disasters. Some examples are the
use of Heat Health Index ¥, air pollution level and ultra violet radiation level that need
to be communicated to the public to prevent exposure to Climate change related health
exposures.

. Community-based surveillance: Sri Lanka has a well-established health institution based

disease surveillance system. Community-based surveillance systems can complement
the existing health institution based disease surveillance system through improving the
early detection and assessment of outbreaks . At present, there is no well-established
Community-based surveillance in Sri Lanka. Such Community-based surveillance systems
could be used to capture suspicious health events such as occurrence of unusual diseases
or clustering thereof, so that prompt action could be taken to curtail them. In addition, this
could be a versatile strategy to enhance health and climate literacy of communities, as well
as their empowerment.

. Risk Communication: Climate change related risks, emergencies and disasters are often

perceived by communities and decision makers as remote and insignificant. However, it is
important that appropriate risk communication strategies are conducted targeting the whole
of the society ™, Health staff has a vital role to conduct risk communication on climate
change related health risks. Conducting training programs to health staff, not only on climate
change but also on correct risk communication strategies, is needed.
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A changing climate leads to changes in the frequency, intensity, spatial extent, duration, and
timing of weather and climate extremes, and can result in unprecedented extremes. Increasing
exposure of people and economic assets has been the major cause of long-term increases in
economic losses from climate related disasters (IPCC SREX 2012). Information on climate and
climate change used for decision making is typically provided by historical observations or model
results of projected future conditions. Past climate trends based on historical data provide
evidence of changing climate conditions. Knowing how the climate has already changed and how
those changes have affected the vulnerable sectors such as water resources, agriculture and food
security, human health and eco system provides insight into what may happen in the future.

Past Climate Trends

The trend analysis conducted using long-term and high-quality datasets for 19 meteorological
stations, for a period between 1980 and 2015 indicated that annually averaged mean minimum
temperatures are increasing across most of Sri Lanka. Diurnal temperature range (the difference
between maximum and minimum temperatures) is decreasing, indicating that the minimum
temperature is increasing faster than the maximum temperature. Decreasing trend of Diurnal
temperature range is more significant in Maha season in the dry zone. It is evident that significant
decrease in the annual occurrence of cold nights and increase in the annual occurrence of warm
nights are also obvious.

Precipitation indices show evidence of changes. Some of the indices in this study can be good
indicators for climate extremes in Sri Lanka. The annual total precipitation (Fig 1) has indicated
a significant increase over 1980-2015. More than 80% of stations showed an increasing trend in
precipitation indices. Nearly 75% and 65% of the stations showed significant increasing trend in
annual total precipitation and number of days above 10mm rainfall at the 5% -10% level. There is
an indication of more consecutive wet days, in inland areas, and less consecutive dry days especially
over western coastal areas. Days above 10, 20 and 30 mm of rainfall show an increasing trend
annually in many stations. For the extreme precipitation an increase in the annual highest daily
amount and highest 5 consecutive days of precipitation were found at many stations.
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Fig 1 : Spatial distribution maps of observed trends for occurrence of warm nights, occurrence of
cold nights, diurnal temperature range, annual Total Precipitation and simple daily intensity.
The upward-pointing red triangles show increasing trends, while the downward-pointing
blue triangles indicate decreasing trends. Significant changes at the 5% level are indicated by
large triangles and 10% level are indicated by small triangles

Future Climate Projections

Climate models are mathematical representations of processes important in the Earth’s climate
system. In order to obtain climate change projections, the climate models use information
described in scenarios of greenhouse gas (GHG) and air pollutant emissions and land use patterns.
Key factors driving changes in anthropogenic GHG emissions are economic and population growth,
lifestyle and behavioural changes, associated changes in energy use and land use, technology and
climate policy, which are fundamentally uncertain. The standard set of scenarios used in the AR5 is
called Representative Concentration Pathways (RCP). The RCPs describe four different 21 century
pathways of GHG emissions and atmospheric concentrations, air pollutant emissions and land
use. The RCP 2.6 represents moderate emission scenario, RCP 4.5 and RCP 6 represent moderate
emission scenario while RCP 8.5 represents high emission scenario.

Climate change projections, also referred to as climate scenarios, are widely used for assessments
of the potential impacts of climate change on natural processes and human activities, including
assessments conducted at the local/regional scale. A number of different approaches are used to
develop climate projections, and the strengths and limitations of each method must be taken into
consideration when selecting projections for use in a specific application and when interpreting,
comparing, and integrating outcomes from multiple assessment studies and impact analyses.

NASA Earth Exchange Global Daily Downscaled Projections (NEX-GDDP) data for 6 GCM climate
models (25-kilometer (km) grid resolution) given in the table 1 were used to develop figure climate
projections. The Representative Concentrated Pathways (RCP) RCP 8.5 and 4.5 scenarios from of
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the IPCC AR5 2013, representing futures under high emission and moderate emission, respectively,
were adopted, with three time periods—2030s, 2050s, and 2080s.

Table 1 CMIP5 Models used develop climate Projections for Sri Lanka

CanESM2 The Second Generation Coupled Global Climate Model
Canadian Centre for Climate Modelling and Analysis (2.8*2.8)

CNRM-CM5 National Centre for Meteorological Research/ Meteo-France (1.4 * 1.4)

CSIRO-MK3-6-0 Commonwealth Scientific and Industrial Research Organisation (CSIRO)
and the Queensland Climate Change Centre of Excellence (QCCCE).
(1.895%1.875)

GFDL-CM3 GeoPhysical Fluid Dynamic Laboratory NOAA, USA Coupled Climate Model
(2 *2.5)
MRI-CGCM3 Global Climate Model of the Meteorological Research Institute, Japan

(1.132*1.125)

NCAR-CCSM4 National Center for Atmospheric Research, USA
Coupled Climate Model (0.942 * 1.25)

Because of incomplete understanding of the physics of the climate system, different climate
modelling groups around the world represent climate processes in different ways in their models.
As a result, there are differences in the projections of future climate. This is therefore, a source
of uncertainty in climate projections. In order to address this source of uncertainty, single climate
projections from above mentioned climate models are used to generate a multi-model ensemble.

Multi-model ensemble projections indicated that the Annual rainfall anomaly is negative in
Northeastern parts, and positive in Southwestern parts in 2020-2040, while Annual rainfall anomaly
is positive and increasing there after under moderate emission scenario RCP 4.5. Annual rainfall
anomaly is positive and increasing under high emission scenario RCP 8.5 with increasing anomaly is
significant in the wet zone.

Southwest monsoon rainfall anomaly is positive and increasing in both moderate (RCP 4.5) and high
(RCP 8.5) emission scenario with increasing anomaly is significant in the wet zone (Fig 2).
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Fig 2: Multimodel ensemble of change in Southwest-Monsoon rainfall (left) and Northeast-Monsoon
Rainfall (right), relative to 1975-2005 for moderate emission scenario (RCP 4.5) (upper) and high
emission scenario (RCP 8.5) for time periods (2020-2040), (2040-2060), (2070-2090).
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Northeast monsoon rainfall anomaly is negative for short term, medium term and long term
projections and negative trend is observed under moderate emission scenario RCP 4.5. Northeast
monsoon rainfall anomaly slightly positive in short term projection 2020-2040, and negative there
after for medium term and long term projections under high emission scenario. A negative trend
is observed for high emission scenario RCP 8.5. Decreasing anomaly is significant over the dry zone

(Fig 2).

First Inter Monsoon rainfall anomaly is negative in  2020-2040 , slightly negative in 2040-2060
and positive except Northeastern parts under moderate emission scenario RCP 4.5. First Inter
Monsoon rainfall anomaly is negative in all three time frames with no significant trend under high
emission scenario RCP 8.5.

Second Inter Monsoon rainfall anomaly is negative in Northeastern parts, and positive in
Southwestern parts in 2020-2040. It is positive and increasing after that under RCP 4.5.

Second Inter Monsoon rainfall anomaly is positive and increasing under RCP 8.5 scenarios with
significant increase of positive rainfall anomaly over the Southwestern and Southeastern parts

Multi model ensemble prediction indicates increase in Maximum temperatures as well as Minimum
temperatures for all three time periods in 2020-2040, 2040-2060 and 2070-2090 for both moderate
emission (RCP 4.5) and High emission scenarios. For moderate emission scenario Multi model
ensemble prediction indicted that increase of minimum and maximum temperature in 0.7- 1.2 °C,
1.0-1.6°Cand 1.5-2.3°C can be expected during 2020-2040, 2040-2060 and 2070-2090 respectively.
For high emission scenario Multi model ensemble prediction indicted that an increase of minimum
temperature in 1.1 - 1.5°C, 1.6.-2.5 °C, and 2.4-3.5 °C while an increase of maximum temperature
in 1.0-1.5°, 1.4.-2.3 °C and 2.2-3.2. °C, can be expected 2020-2040, 2040-2060 and 2070-2090
respectively (Fig 3).
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Fig 3 Multi model ensemble of change in Maximum Temperature (left) and minimum temperature
(right) , relative to 1975-2005 for moderate emission scenario (RCP 4.5) (upper) and high emission
scenario (RCP 8.5) for time periods (2020-2040), (2040-2060), (2070-2090).

Future Projections of Extreme Climate Indices for Three Climatic Zones

It is obvious that temperature indices such as maximum daily maximum temperature, maximum
daily minimum temperature, minimum daily maximum temperature, minimum daily minimum
temperature, occurrence of warm nights, occurrence of warm days and warm spell duration are
indicates an increasing trend while occurrence of cold nights, occurrence of cold days, Diurnal
temperature range and Cold spell duration indicates a decreasing trend, with statistical significance
in future projection from 2020 — 2100 for all three climatic zones, for all models, for both moderate
and high emission scenarios.

Extremely Wet Day precipitation
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Fig 4: Extremely wet day precipitation from 2020 to 2100 in Wet Zone ( Blue, circles), Intermediate
zone (]Yellow squares) and Dry zone ( Red triangles) for High emission scenario (RCP8.5) (Multi
Model Ensemble projection).
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In contrast to the projected trends in the temperature indices in which all models have general
agreement with statistical significance for all three climatic zones under both emission scenarios,
trends in the precipitation indices are less consistent in this regard. Majority of other models
projected statistically significant increasing trend in many precipitation indices except maximum
1-day precipitation amount, consecutive dry days, and consecutive wet days in all three climatic
zone under moderate emission scenario and except consecutive wet days in all three climatic zone
under high emission scenario.

Possible Impacts of Climate Change

Increases in air temperature observed in the recent past and expected to be continued in future
projections have huge impact in evapotranspiration and urban and agricultural water demands.
Significant decrease in the annual occurrence of cold nights and increase in the annual occurrence
of warm nights observed in past as well as predicted in future will place a higher demand for energy.
A rise in average temperature will increase energy requirements for irrigation in agriculture and for
space cooling.

Increase in extreme maximum temperature indices may have impacted human health by occurrence
of more frequent heat events. Vector-borne disease-carriers like mosquitoes respond to higher
temperatures and increased humidity. With significant increasing trend in annual total precipitation
and other extreme precipitation indices vulnerability to vector borne diseases like Dengue will be
high in the wet zone. Under climate change, increase in rainfall intensity can cause water logging
and thereby create favorable conditions for high mosquito breeding especially in the wet zone.

Changes in annual as well as southwest monsoon seasonal rainfall compare to the base line
climatology, clearly indicate that positive rainfall anomaly in the wet zone will be risen with the
time under high as well moderate emission scenarios. The western slopes of the central hills are
prone to natural disasters like landslides, and while low lying areas in the Kelani, Kalu, Ginganga and
Nilwala basins are vulnerable to floods.

Changes in northeast monsoon seasonal rainfall compare to the base line climatology, clearly
indicate that negative rainfall anomaly especially in the dry zone will be fallen with the time under
both high as well moderate emission scenarios. Reduction in northeast monsoon rainfall (Dec-
February) may increase vulnerability of the agriculture sector as nearly 70% of the Paddy cultivate
in Maha season (September to March) in the Dry zone of Sri Lanka. More frequent droughts can be
expected in the dry and intermediate zones.

In addition, vulnerability of the health sector is amplified by other factors, including dumping of

solid waste that contaminates surface water and groundwater and also creates vector breeding
conditions; poorly managed urban drainage also enhances the spread of disease.
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Climate model results provide the basis for projections of future climate change. Making decisions
based on climate change projections requires an understanding of the sources and effect of
uncertainty in future planning. Uncertainties associated with future climate projections include
representation of the GHG emissions scenarios, uncertainties associated with future estimates of
population growth, changes in land use, and the economic growth ect. Further uncertainties in
climate modeling arise from uncertainties in initial conditions, boundary conditions (e.g., a radiative
forcing scenario), observational uncertainties, uncertainties in model parameters and structural
uncertainties resulting from the fact that some processes in the climate system are not fully
understood or are impossible to resolve due to computational constraints.
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Rich natural resources and diverse ecosystems make the coastal environments important for
economic development and ecological restoration. However, these are vulnerable ecosystems for
climate change. Remote sensing techniques have proven to be powerful tools for the monitoring
of the Earth’s surface and atmosphere and this article introduces the methods for monitoring the

coastal environment using remote sensing and GIS techniques.

1993 Delaware Bay Land Cover Classification
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Figure 1. Delaware Bay landcover classification from 1993 based
on Landsat TM imagery. Modified from Weatherbee (2000).
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Introduction

Coastal ecosystems are diverse
sensitive ecosystems which have
been focused for protection due
to wvarious anthropogenic and
natural disturbances. Adverse
human impacts have led to
climate change and subsequently
global warming. Based on sea-
level rise (SLR) predictions for
next 100 vyears, it will cause
serious long-term consequences
on coastal ecosystems and to
coastal economic development.
For instance, intensified coastal
flooding and erosion of beaches,
as well as threats to waterfront
properties may be experienced
from rapid SLR. As the ocean
surface water warms, stronger
storms such as Katrina and
Rita are also predicted for the
coastal areas. One of the recent
experiences was hurricane
Irma which has been the most
powerful Atlantic storm in a
decade with wind speeds of up
to 295km/h. (BBC, 2017)



For protecting coastal ecosystems it requires the ability to monitor their biophysical features and
controlling processes at high spatial and temporal resolutions with remote sensing technology.
Among the various remote sensing systems available, selecting the proper data source for observing
land cover and coastal waters is challenging. There are four types of resolution: spatial, spectral,
radiometric, and temporal. Spatial resolution is a measure of sharpness of spatial detail or it
corresponds to the pixel size. Spectral resolution is a measure of the specific wavelength intervals
that a sensor can record. Radiometric resolution is a measure of a sensor’s ability to distinguish
between two objects of similar reflectance. Temporal resolution is a measure of how often thesame
area is visited by the sensor. Ecosystem health indicators that can be observed using remote sensors
are natural vegetation cover, wetland loss and fragmentation, wetland biomass change, percentage
of impervious watershed area, buffer degradation, and changes in hydrology, water turbidity,
chlorophyll concentration, eutrophication level, salinity, temperature, etc. Major components for
studying coastal environments using remote sensing include:

Mapping Coastal Wetlands and Watersheds

A combination of models is used to study the impact of land runoff on estuarine and coastal
ecosystems. Amount and type of runoff can be predicted with input regarding how the land cover
is changing, together with other inputs like slope and precipitation. The Landsat TM with its 30-m
resolution and spectral bands and SPOT (20 m) has been a reliable source for land cover data.
High-resolution imagery (0.6 m to 4 m) can also be obtained from satellites, such as IKONQOS and
QuickBird.

Monitoring Wetland Changes and Land Cover Trends

Time series of remotely sensed imagery have to be analyzed to identify long-term trends and short-
term variations, such as the impact of rising sea levels and cyclones on wetlands. Changes may
occur in both time and spectral content. The imagery must be acquired under similar environmental
conditions (e.g. same time of year, sun angle, etc.) and in the same or similar spectral bands.

Shoreline Topography and Bathymetry

Studies on near shore geomorphology, hydrology, and sedimentary processes are essential in order
to plan sustainable coastal development, implement effective beach erosion control and coastal
ecosystem protection strategies. To map long-term changes of the shoreline time series of historical
aerial photographs and topographic maps have been used. The GPS combined with light detecting
and ranging (LIDAR) technique have been used for shoreline position analysis, beach erosion studies
and to study the bathymetry of submerged coastlines. The interferometric synthetic aperture radar
(InSAR) technique jointly with GPS and altimeter data is also a good candidate for change detection
both on land and in coastal areas.
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Submerged Aquatic Vegetation and Coral Reefs

The health of most of the coral reefs has been declining. Coral reefs thrive in a narrow range of
environmental conditions and are very sensitive to small changes in temperature, light, water
quality and hydrodynamics. Mapping submerged aquatic vegetation, coral reefs and general bottom
characteristics requires high-resolution (1-4m) multispectral/ hyperspectral imagery. With the
advances in hyperspectral sensors, scientists can measure the spectral states of a reef that can be
used as indicators of coral health.

Remote Sensing of Ocean Chlorophyll and Productivity

Ocean biological productivity can be estimated by measuring the “chlorophyll a” concentration.
Satellites with multispectral and hyperspectralimagers, such as sea-viewing wide-field-of-view sensor
(SeaWiFS) and MODIS, were specifically designed to monitor ocean chlorophyll concentrations and
sea temperatures on a global scale. For estimating primary productivity, a calibration and validation
approach must be used. Ocean color sensors and thermal infrared imagers have been used quite
successfully to monitor these upwelling areas and estimate their productivity. Using platforms such
as ocean gliders, remotely operated vehicles(ROVs) and autonomous under water vehicles{AUVs),
with advanced optical and acoustic sensors, marine scientists can now perform high-resolution
three-dimensional measurements of biological and physical ocean features such as planktonic
distribution and biological productive zones at various depths.

Sea Surface Temperature (Sst)

Accurate large-scale, long-term observations of SST are important for a wide range of oceanographic
studies such as, for estimating the source of heat at the air—sea boundary, water boundary currents,
to monitor the health of the Earth’s coral reefs, to identify upwelling zones where rising cold water
brings nutrients to the surface and to study habitats of fish and wildlife over many parts of the
globe. Examples of long-term studies include the changes in SST patterns associated with such
inter-annual climate variations as the La Nifia and El Nifio cycles. Thermal infrared (TIR) sensors
such as AVHRR, or ocean color sensors, including SeaWiFS and etc. have been deployed to provide
images of SSTs.

e e
Figure 2 :Sea Surface Temperatures at the Start of 2010 Hurricane Season by NASA Earth Observatory
image using AMSR-E and MODIS
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Observing Eutrophication and Hazardous Algal Blooms

Algal blooms are harmful in that they cause eutrophic conditions, depleting oxygen levels needed
by organic life and limiting aquatic plant growth by reducing water transparency. Some species of
algae contain potent toxins that can propagate through the food chains. Seabirds, marine mammals,
and even humans are at risk of illness or death if they eat shellfish tainted with algal toxins. Most
algal blooms can be observed from satellites because of their distinct color, location, or repetitive
seasonal appearance. Concentrations of “chlorophyll a” and total suspended sediments can be
used as indicators of the severity of eutrophication and turbidity, respectively. Progress of a bloom
can be tracked as it moves in from offshore. Due to high turbidity, the drift and dispersion of coastal
plumes and ocean-dumped waste have been tracked with multispectral satellite imagery with small
number of multispectral bands. However, to detect the composition and concentration of their
content is difficult, even with hyperspectral images.

Sea Surface Salinity (SSS)

Sea surface salinity is critical for determining the global water balance, for understanding ocean
currents, and for estimating evaporation rates. Also, low-salinity water is frequently indicative of
fresh water sources. Airborne microwave radiometers can measure sea surface salinity and have
been used in many applications. Sea surface salinity has been the most important oceanic variable
that until recently has not been measured from satellites. For instance, the European Soil Moisture
and Ocean Salinity satellite retrieves salinity with an accuracy of 0.1-0.2 precision salinity units
(psu) at a resolution of about 50 km.

Qil Spill Detection and Tracking

For oil spill emergencies the fast turn-around time and frequent imaging of the site to monitor the
dynamics of the spill are needed. Remote sensors on satellites and aircraft meet these requirements
by tracking the spilled oil at various resolutions and over wide areas at frequent intervals through
multi-temporal imaging. Most of these sensors use electromagnetic waves, acoustic sensors on
boats and cameras on submerged robot-like vehicles to view the subsurface behavior of the oil. Qil
sheen shows up as silvery and reflects light over a wide spectral region. Heavy oil appears brown
while mousse looks red-brown.
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Figure 3 : Satellites and aircraft are used to track the movement of oil from the Deepwater Horizon
spill in the Gulf of Mexico in 2010 by NASA

Satellite and airborne remote sensors can now map and measure coastal ecosystems and their
changes cost effectively at appropriate scales and resolutions, minimizing the need for extensive
field and ship measurements. New satellites, carrying sensors with fine spatial (1-4 m) and spectral
(200 narrow bands) resolutions, are providing the means for more accurately detecting changes
in coastal ecosystem health. Hence, coastal managers and scientists will have better means for
assessing the impacts of alternative management practices on coastal ecosystems and taking
corrective action early, as it is most effective.
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“The Value of Nothing” ' _

Thirty spokes share the wheel’s hub; it is the centre that makes it useful.

Shape clay into a vessel; It is the space that makes it useful.

Cut doors and windows for a room; it is the wholes that makes it useful.

Therefore profit comes from what is there; usefulness from what is not there.
Quote from Tao Te Ching, a book written by Lao Tzu, Chinese Philosopher who lived in 604 BC
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(Building resilience to secure livelihood for rain-fed farmers in Sri Lanka)
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Adaptation is a way of building resilience to climate change. This article discusses
strategies and techniques employed by the project on Climate Change Adaptation to
minimize the effect of climate change inputs and to secure community livelihood and
food security.
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Qa6 HaSCHHULIe Lig, Cwrss sears Qgnems 21 Weslwemad SmemtiiLheagL 6,
suemi&dl g 0.78% o466 snemliL(hdletmg). @evukiemsuneg) wenlp alpsduleit yqliemLuisv,
2601 GUBVIILD, FIH] EUGVILILD LOMHMID @EOL_LILIL L U6VLLILD 6T6TT PLPESTM)] suevWIBISHETTSL LM &HULIL(h6iTeng).
@evrtismauiey HIHM) eeiTm)| BH&ET STeTULI(haUBHIL 65T, HeUDMIET HSHDIEsTEnal DS D6
L 1q.60 (HihG| 2eMHGIM(h& &) 6oTmenT .

5gI6m, g 30,000 Bis Gsssmser stemTlLH@eTmT. euhrdy  CHSLTET®E
@uimem S west 15 115,68 & SBIGEm 6T el Q&FWIMHEMSLLITETT EMEULLITS Lo6ufl HeuTey
RinTesil&aIUL L enaunsGeal &MesTlL(hEl eTme. @eukmaLnsn g, el aloulsemsd Gaihg (b
HILM&E STeuLLBRSTNG. NS6, bLIBS Cail Hevev ggnamwns 270 Qaadsiv &6
sorluUMS gmp Hemsefled, 167 Gesvdusv e wbSFW  wewell  LITGHESS evisiem
meuCTelwnalsyid sneaTlL(h@eTngl. ST Heull LGS aefe sm Fnmes Gleulil Kensuub, 2 wif KleuL
LG safler @GHmnhg C&oId Gl menengeald sTesiUh&simgl. ISThg Fgnel el
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Reneulsnd SHHSHMH Csnew(h CrIH@GHUIL S8, Cunglans mereuf wrgh Wea @efigmer
DTSN&S STeTlL(hAeTmgl. g GuneTm, Gl Salqul WISHISETTS LT WLHMID &6
LNGHGeT sresuu(hidesmen. Camul L. bk &Tnaf Gleulil mepey B ilgesm GleusuGeum)
UGdsefev  sresilL(hGeonensl, SeuflSHen Heweuwnsd Snesii(higen, BT (héH@G HbBHIW
OlFeuneueTsl Ml FFL 198 SJ&EnIqUIGTSHED SHM6oTLILI(HE6STDEI.

UBLNhe smer wey alpdd 900 Wsvel WHMeT alL& Gsmneuns 2 eui eusowlll LITGHFMIG6MeID,
1y eueoll) LIf@gamsaflstt aubLThg snnar weolp alpédl 5000 wWeved WHmeny el HyF&onEHea D
aneuTUILI(h & 65TM ).

euarfl el svalwey smewilsemmen Geuliu Memev, SMhHmI, wenlp ellpddl GustTMenal LG,
@UUILC L sreugdlihG, @MUULL. etalig, Hens C&mess(h sMemlLheugId ST Keney 6165Tm)
Ul V& GETLILIHSSEMD. B& &0 MENILTESTS, SL_he ST 6 WM& C&Meiq (HhEHmSL
Gumev, SHEUTGID WM& CEHMESTIIg(HEHHGTMSI. GID, FTHTGHTVSSH O IDTMIEUSGID & EETEsTD. Hie
Beneu WMHMLMeS|, dev Ceusnenaeafiey LTHLLGmeT THLHSSTE CUNGHID, s Hev Geusnerdarfsn
LM &ITLONET UTSLILGHEDET HeL6vd QUINEDg TTSSRIGmT 6INLNSSHIH TSI, GeUaUTmTesT &HiTev
menev IMHm&Henmey eJHUbID LTl Genar 2 wiflenhgst, B euaTd, 2 L Q&MsTEHD 2 6wmiey,
GHNGMD  LHML  UBam SMTesisafied &HMTeTs EalqUISTHAETENG|. @& &M  Hn6w
LIHNSGleeTev WI(&GhS LUNHULSG6TeMTaUG Hal(HhSHWDLHG| ei(HD WHMID b WL L SHMGHS
& (sien w(nssmerd Galihg 67D6HID MEnEVUIEYISTAT WHSETTEGHW. &Mew Mensey MHMSSH Ty e7MHLI(HILD
gneGa(nsefler eunl_dl, Qeusitembd. (FDreuafl, MMM WIFML S0, Heud WHMID B OTFHL_S6V,
e figen, SM(NS &, S WLLULID 2 wiged, LLEsTend Geuiunngsd GUTETMEDe L HiEGHb.
ReneulnerT  LINel(HSH ST CFMEMTEDSHHEMET 2 MICUTSHGHEUSHES  PLPEIDTSHED,  LDES(ETHL_6STTE0T
OCIGMLALML6V PLPUDMGAID &HHMIF (Fppeneull LUMGISNSSMIL 6T, 6etlls aMpsHmss STSHmS|D
GuBUOISS (PiGD.

Gevmsnawnesdl, 6 A Hansdd  snewlUReug 6T,  JUIel(HSHWEDL_H — auhHD
HTOLMesimiGed  srewiluheugi e, WeL  unflweralsy  &mew  Mewey  LOAMMEIGET 6T
LUTSHULS@TeMM@D HILMSHad SMenlL(hHFeTmsl. SHMev Kepev WIHNSSH 6 alenetealsenTs Gleulil
Reney 2 Wiie, el elpsd LIMLHIGH, S0 B WLLID 2 WML S AW SHTreigen b
hllgedm  Qummemgny WL SHev  unHieol  egnUHSSIWETeTS. LMTSITOTET  SHMe0  Hlensy
IMHMAISETTET HewTL &HMev euTL_dl, GleusTend wHMID Wwedsr giley CUTETH GUINEDS 6T SSHISE
wésefler 2 ul(HHEGD, MMPANSTTSHGGD NFFnSHone yemwdemer. UNFCCC (United
Nations Framework Convention on Climate Change) @evenguiss &mev  Henev
LAHDSSBETUID, H QST LN &i&CH([HSHEMEMLLD 6T(NSSIDITLILIGTUETETS].

M6V Meney  LIHMLIENS, @(H euswWTe CaHMUMHSHemeT gLl ILM&sS: CEHTEEIL_g|.
SiPaUTEIETT, &Mv Menew LIHNSHS SHSF (SL(HUUbBSSHSN) WLHMID HSenenr 61
Q&G (ETH SO (GHLD.

@evraienalst s Gmev Heney MMHNSH e e1diCansTenbd b (NAP)

@evnismauien wamelel ial(hEg WwHMID SHNHMITLEL HMWFF @evrhlenasdanss Gl &M Kleneo

LIHmGems 61 Ganatend elupsb eeteon 2010 @60 aGsssisr, 2012 @é agnms
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GameTemiLL L. Gl &Mev Memev WLIMHMS OGEMETmSUImen al(hed OFladaid (pestesilsney
agl&AeTmgl. @ghenar HSsUGCL @hs Csdw &M mene WMHDSHmer 61N CleMeTEHD
FLULLIGWL. @S HLLiorerg, LvGami L. GC&TeTenssEH_60T ST LML WSS YDA
DIEOEUILITEUETT,

1) Gzdw anev Henev LHNSHHSHMEes QEnsTens - 2012

2) Gzdw smeu Hemev WOMHNGSenent 6131 QameTsmsy Qgmfimen wisd (2011 - 2016)

3) "emfig svhian" Hepsdssner GaAw GFwmn UL ib

4) @evraenaiiss (Lppevo aumihg GUAL (parambsgeud Bapsd 2014 - 2018 (SLCDMP)
3) @evremauies Mev wrsmLeneaud SHLLgHaTer Cadw Qewbun’ (h Bapsd (NAP - CLD)
6) sLhsemrGuTT auUnSHeT (paTambsgied HL b (CZMP)

7) @Ggdlw Qustdaaiwe b 2011 - 2030 (NPP)

8) @evruena BiLLnFss LialhHSd &Gens 2010 (SLWDP)

9) Gsdw aleusmus CaneTensLlen 2 (HausmTea

Geueunmrest LML HL L MigEHD, CHTETeNSSHEHD SMenTluigemib, Geunme 650G & Mmene
MHDSS D6 ETHNCGTETEHSHMeV (LPeITesllenaTss: CENGETL_GN&s SmesTiuLalseme. @eiaummi,
GnewIliL(HD dev Q&MeMTem& LSHTERSGEHD &6 Hemew (PTG 61(h&SImMULSTS @evsnev,
Imel  remalnHGs &M meme LMMHNSGmS elendaULNHSHIUSTLETETS. CHFAW &Hev Hemew
wrhmsdener eFHiosmeTEnHd L imeng (National Adapatation Plan - NAP) wmhenmuw
anstenaaernent anflg sugn, SLCOMP, CZMP, NAP - CDL whmib CNMPey dlweaihsnms smHSEn
QIFMETEUGHIL 60T, "&Tev Memev LMTHMSDS 6THNGISTETETEL" sT60TLINS, (WstTevflleme (NG, BigeneoTGLL
dAmliy CrT&&LNss Glenes(h CFwhHU(HSFIMS).

@evrtienguliey euSTeslSSLILINS6TTM GILIMSIEUNETT ST6V Hlemey LOMMHMBISET

Qe Hepevemull QUTMIGS euenulsl, &LhG &ML SHaeGels Lig, BT ilgem LsBaim)
U@Gdsafied  Geulu  Hemeuwnengl,  Ugliqguind 2 Wihg  ehaldms  eusneslsasd
FalqlUGNGHaleTaTg). L& whmib @re| Crikisefsy Heva|d gl el Mensuuies Disme s EHD
IS &M SGeUTEMm 2_6T6MG).

Awnelsr dev LGdaafley, aubLsHnG 1 - 3 el WHMIT yemaley HL 6 L L FGHletT 2 wiige
gnelUl_(smengl. @)% 2 evgemmeiw full SresTlu(d &SLs) UL 5560 Meveyd eI(BLThHS
2 wWiFdluilenest allalld HFHHWIeTSTGD. HPUilId, GQevhemsuiss HenGWIL LGS semend &mnm
Heveld &L 6 WL L GHlesT 2 wisFd GNSH Sefliu L fHuler @ettenid W Tlihg HBiwli s
Geuadet(hLb.

BT g 657 N(HSSHSG aubD Gleuliib Fnigi BT &eflev Geulil Hemsuuiey ySalllsmesub, Wwemip
elp&dl smiquw BT Gefer W@GhHE elpsduimeard SMawsd GalqUSTHEETETSTSH JUIQITEISHET
N &end GleusflLiL(heTemesi. Gleuin mlemevemis Gumsttmy, wenlp efpFdulss wrHMSHev eTHLIHILD
@@ GUUUILL. ol Fiwng dan (PIgInSeTerdl. nnad ey eaIb&d (GHmmeusL b
QUHEUEHSIID  HTlalweorenmmssT el MibgleTereny. @HLLIID, NS STNGI D NSH&
wewlp efpFH wSHHW 2w Kol UGHGee AHSSHSSH SneTULbHEUSTHEID )1 &Hend:S6T
GeueflulL L (heitemest.  @(pULIeDID, &TeuSHANBHHL  wewlp alpFduley  enUbHID  IHMLLD
A M58 aumHaugTs A alweuneseT M&ms Gleuaflull(heTereurt.
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GIT6V M em6y LOMMHM(LPLD D6WT & FHTHMT(LPLD :

GMev  memev WIHMSSHerTmer LUTHUUMID (PSHWLTTOGTETDNE &FETHMD  C&TeTaTILHFAMES).
2 eugamalw  FHulevnsst  YIMUEFASET, WLIMID &HMev  Mewe&GaHL  &HGMEH O  enHUHID
LT&fenenra@epld NS &M SSHaUTCmILETETS).

GrmuL_stT QTL_fispL I CrMis snesiisafeln aMpsHmed &SNS, aNesilans eved| SMev
Hemev GIGML_ALINEST &essilsERL6T 1l(&Hhg STl Wgneealaengl. ubhus Bi(hests dslse)
aumHd OeuuSSTeYID, WHMID 6ol @wihensll Guiflesemmepd weoflg 2 Wi(HSHES PUSS
g &M SFeMeng). eJemesiil Bi(haEpLem eUUi(haauls, Qekmauistt SFaHEMTSHNISH BB
(PTCRTHNHMSGSH GHMewTdh FalqUFTHEEULETENS. GHULIEID, LMW EUHD &MV  HENEVEHIILD,
GHDML_meVL|D H(HSHMH G&ness(h UMis@Gn Cung @ermi Crmi&ssT LTad Semenw HH &S5
QUHEIEDS &HEIT Sal MHL UMMGSHS SalqSTUsTeng. @G "oLnmhig Grmi" e &nhs
2_GMIERTOM@GD. &Mev Hewev WMHN&ESTe, Crmis snailsefles CL(MHSGSHD YySHesAlUGIL 66T, NG
aUbISHID CRTUGEDD AHHNSH UBHHADG. QS &HFSHMSMSHDG WGHS UFEFMISHONS
elemaGagme, QHimbg Satasne WVGhS sanSSONs elambiGasnn, QHeimhs
BeTeusn@ S@HS bL-algsmd 61(N&SUILMHIGEN W& ieudLTETOISTETMM(EHWD.

&6V [H6M6Y DMMHM(LPLD 2 GHsTeyL LIMG|SMILD

D B Ig.60, &MV Hewev TMHMSNS, SH(HSHEIMN Cl&TesT(h CHT&EHw CUTE|, 2 aTall LTSI ufl&Heb
IUGSTeT SANGHWST&HS C\EmeTeniL_sv GauaT(hld. HLbS HMev M&anagafsi Lig, eleugmudo
&6V Henev LMMHMGSTEL LMflwemailley LIS @GsTemmalusend). wesflg eumpeungnin 2 essr el GeuGuw
SRFWIHULSTH, 2 estall UMSISIIL W& (PpSAWTETRSTETMTSS SH(HSUUL(H, &M  Hensy
rHDSSeTnen eJHUHID LNTHLLGET 2 el LNHSNULSE QL upmn oFlamsed Salilugie
aulfl euems Gl&IIGE GeuastT(Hib.

&iMev Hemev LMMHMSSHenest 61T QGMETEHD ClFuwey FL L Ib :
(Project on Climate Change Adaptation - C - CAP)

&6V Menev WMHNGmS 6THMCSTETERD ClFwh HL L onesg|, "@eukimns Wamael alg Meub eurp
KedleyhHm alleusl SePSMISET L STET &MTev Heney WTHMSH 6T HTEHHMRGHEN6T 61HT0SM6TaTEd L L Lh"
TETMID FnMUL(HID. @& Hr(haseT genLuist, (Adaptation Fund (AF) @esmev Mg auprasiii (p),
205 2 aweyd L gdHemev (World Food Program - WPF) meoL (weonliin(hi&si (),
Qeviiensulen watael Yial(hgd wLHMID &FHOTL & Hyeow&demed HenmGammUL(hb 6H
Qufiwerelsunesr QEwmH AL MG, @& Csws H L St Qumngl, 7.9 feveflwesr HGIor&es
QL_meviigemm(@id. IyFMeud Gevrhend mHresnul Gumwdulsr Lig, gngsmp emum 1000 wevedwessr
CUMLHWNETTSTGHWL. @G, CPTM U(HL. &M  aTUmDmWS Osnes(heTenST@Gw. &I,
Gevhisnsuies  @neser(n  Wwmeul L tigeflepsiar, ewpstimy LITGHEHIGmET  OWIDNSHS  C\&HT6w (h
QUISSILNFMEI. EDaULITAIETT, GILITEVEITEIT MM eI L &S evleTem surmismLy, GgMgMwm whmib
HeuGTeSwm el L &dlepieTem eueuliLienest Guesim LITGsamisemm@b. G LInGgamiser umflweraiesy
eumL_&, GleusiTamd WhHmb Wwessr &feydGsTam@d LINEgemisers & eueum@Lb.

@& Gawesy gL omeg), Wwareued sajGumil LnCsamsefley sudlGdletn, smev memev OMHM S 6T
UL & @eenest  eleudmuisEns@ FeTwbaNSSH, aiGmeT &Mev  KHemew  INHNHSS 66T
aFMC&MeTaIsH@ alfl ei@UuUmSCU mwWnTss Cnes(h CewhuBHEngl. @& olFws S L S 6t
(P& BHIGSHIOMEEIS|, H6ulD WHMID B eueThiGsnan FMhg (PepMUiley (PSHTEHLD CIFILAIGEIT PLPEILDTS,
waTeuell yMHIfletT alg FHevhiGetlsd TP WEHHEHHEG SNV Hewev WMHDAEGEHHEG FH(h
CaMhHi&@GL anpsams (Wpememw ahubhisHsd Cem(HluugT@b. @& Gsws L wnearg, @\m
CUEHSILITETT Y, &G8 G M)HED6N / LINGMIGHEN6TE OGHTEETLSMEGHWD. eDeUTel6TT ;
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1) wevpspw HOLD e eleusmU FePSEIGEHHE S @eveuld &M 2 ewreyll LTSS sneor
GDLI(HSSHIUSEIT PLPGULDNTE: HeSH66ET QUMLPEUTSMTHENSH HL_IqILIENDS 6.

2) Mmeuerd gt LWibHA  (pevmEepeTLD, GemeusemeTLD, &TMbrisefed, 2 6Teshlaib,
QL mrhgeflepid  oieowdd, LIMID &M Heneullstt alemereumssr  Wenlp  elpdFduilen
wrnUT(H&eflesmey eJnHUHID HETTSSHIGEN6NS (HHNSSHE.

@& OFwey LD epeulond, BALUUTFST Legeoblys S mger, &) eusmily, eSS
(paTepSGaId, &g WLOHML elmG aIPEGN, eleusml 2 LISTEhEHT eUphiGs, oleugmi
LTENSHMETS Sl iqImDSHSH0 V6vd| LUST(HSSTTERTD 0Figeo, uwindl a@luyser bHL-S5560,
LISTS&6IT 6ULDMHIGHSHE0, E1606TTIL 2 LIGIGTRIGET aIPHIGHES DHMID CILIGHT&(EHEGSTET UMD ST &HNS
GuibL(h & 5|560 Gurmetm @I uew  QEwmum(hisst allg eUHLSSLILIL (h), HEOL_

(WsMULNSSILL(HILb eU(HAME.
&6V Hemsy MMM &S ement 61T CIEHMETEUSDSHTETT HL_61lg HEMSHSH6I

&Mev Hemev MHMID GBS CHT&GEGeM6s HHSSHIIG, b WIHNSHenest 614 GaTaTaIH e Lisy
gnesiigen  SeoLwne  @pUug  abhmid  OsmeteriuL.  GauetTiquIClGTeTmm@Hn.  ulsnib,
UL UL @& (PN VG FILLGLLLLL. 6THNCHMEMERD (PEOMSET PLPGULDIT&Ha D
HMID &6V Keney MHNSDS 61T QHTETEHD SHEDHHEDD PLHEIDTHOID G HEDL GHEN6TE SR SH)
(P6ITEEITHM (LPLgULLD.

Qausitem yUMLLD 2_6iTem LG Sefsy LngamiLihanes e Lisyesbigst / Qgmfilsy mi Lkissnsr (Early
Warning Systems / Alarms) uweiu(hi&geond. amldepws SFThiGS &nigll  STUTTESHEH6T
GUATAGGEUMD,  OLIMIGIGalD&ES0,  aweuilmus  SHSHGEGD  STahsGeT  alemi&560,
G6VBauellMIDSSHEV, GG HTVEMIDSSHEY, Wew K Ceel&@d ST IgWmIDSESE, BALULTF6T
ImDLLGmeTS  SL(hSHev [/ LeomlemwsSHen, OeusTardAel(hhg UTHIGTHS  LITNSHHN6TL
LsoTTemn & G6v, LMTSHLILSGHeTenm@d LITE5sMmsSemaT alenfUL LD pLpsUD @suTmhl &Tessrev, LmSILLgenar
wHUI(H QFID (pemn&meTd seu(h Lligsse) g HHSSTe| CFLgh, &ifle| meré
HSHEMNEGD (POMGDETS HSHTETE, Glg Hi eUphIGH CIGTLiLms GCFwmh L migsner Gof
G&nemer, MevsHglg B @eODSHGD EUHSTHRGET YmDSSH0, (PsToaTFslsmauns EWnHmS
IeTigg  umu(parer  LinGCsanisgeflel(hhag WW&EGmaT HEHMIGHEL GUTESN LG (LPEDMSHEnETS:
HUMEHEUGIL 66T, @& CGNLALNG W&SHERSHEH ANaMISSHUGID, SGhE LlDdest efliugid
QU ILIDMED.

GmIFE G (HSGHLD

STHNCHTEMTEHSEH 6LV ENFAMSHHDML_ GV 6165TLIGE|, LUTHLUILGHmeNS SHalisHgs C&T6TEmHD
(PHLNG VNG| GHPDSHIS OGNETERHD (LPHLNS HAHde UHIGSHmeT GLHo&TEI(), SEmD
SWubh& & QameTEhGn@n. e WLIHNSHHEHHU almransalb, Ceaunmeronsaid Hleuhigwn
SHENGEOIDILETEN FOPGHEID &G 6181 QSHTETEHD SHENSHEMIDILETET H6V60&| BEOFEUTHGHDEDL LIS Fnlglll
FOPSLNGD. Gleuaummrest Fep&GL CISMLhG| Mpd FalgquBHT(H HmeusE Sbend SWMLI(HSH S
QanaT#mgl. @&IGea, 2 ulflwevneri gnietsv Lnelsfles GQanaTamsulsit MyMbEPLNEGD. 2 e6ea,
&Mev Henew LMHNSSH 6T LMSILSHDeTCLT 060G NS0T JDHLHID HeuTSShIGHenarGT 6(h
(PG eUMSE SH(HSMDE, NFHETT 6(H Feumeunsd eImmi, HeuDmled(Hhgl Wedwr(h b FHL L BHigeneT
QUi usBLDSG], WET(hid U UTHULEET CFTLNS euessTerTd S L S (h), ebb UTlLgener 618
Q&MeTERHD HLL Mssmarh aufGeunm), 61b BT enlL (PpesTGaarmmi UMemGulsy G (HE Glasven eulf
aUEGHLIGUMDTS !

(&rLb)
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