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The Message of His Excellency the President

Climate change is a global phenomenon the negative impacts of 
which are severely felt by developing countries.  Countries like Sri 
Lanka are more vulnerable because of their high dependence on 
natural resources and limited capacity to cope with climate 
variability and extremes and climate change could undo decades of 
efforts for sustainable development and alleviation of poverty. 
While restoring and maintaining key ecosystems that could help communities in their efforts to 
support livelihoods and well being, it is of paramount importance to make an awareness among 
them to move towards a low carbon society for a safer environment and a sustainable 
economy.  With this in mind, it is my pleasure to deliver this congratulatory message at the 
launching of the first publication of NeelaHaritha, the Climate Change magazine of Sri Lanka. 

Sri Lanka, being a signatory to the Paris Agreement and a party that ratified this agreement, is 
fully committed to uphold the resolutions that had been agreed upon by world leaders to limit 
the rise of global warming and to reduce emission of greenhouse gasses. This commitment was 
made in view of the fact that Sri Lanka is highly vulnerable to adverse effects of climate change 
that affect all social, economical and development activities. 

Although, the global effort is for a green economy, we have gone one step beyond a ‘green 
economy’ and are striving to have a ‘Blue–Green Economy’ combining both the sea and the 
land for sustainable development. The first step in this development is the declaration of ‘Sri 
Lanka NEXT – A Blue Green Era’ commencing a blue-green development strategy. The Climate 
Change Ehibition held together will the 5th Asia Pacific Climate Change Adaptation Forum from 
17th to 19th October at the BMICH Colombo is a follow up to show case Sri Lanka’s initiatives in 
these spheres. This publication coincides that and will add more colour to our efforts. 

I wish to  extend  my appreciation  to those  who took the initiative  to publish this volume to 
make an awareness among  the community  on issues related to climate change  and I hope 
that their efforts will become fruitful  in the very near future. 
 

 

Maithripala Sirisena 
President of the Democratic Socialist Republic of Sri Lanka, 
and 
Minister of Mahaweli Development & Environment. 
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The Message of Hon. Deputy Minister
 

It is my pleasure to send this message to appreciate the efforts of 
the Climate Change Secretariat of the Ministry of Mahaweli 
Development and Environment to launch this inaugural volume of 
NeelaHaritha, the Climate Change magazine of Sri Lanka. 

Global warming and climate change have become main issues of 
global concern as, with the intensive burning of fossil fuels and anthropogenic activities and the 
resultant increase of greenhouse gas emissions into the atmosphere, the detrimental impact of 
climate change is being felt by all living beings. This is particularly relevant to Sri Lanka, an 
island nation vulnerable to potential dangerous consequences of climate change that affect the 
livelihoods of people and cause damage to ecosystems, environment, culture and economy. 
Hence, there exists a need to protect and advance the right of the people to a healthful ecology 
in accordance with rhythm and harmony of nature and to protect the climate system for the 
benefit of the humankind on the basis of climate justice. 

It is this noble concern that prompted H.E. the President to declare the national policy, ‘Sri 
Lanka Next – A Blue Green Era’ where an opportunity has been afforded to  the people of Sri 
Lanka  to  more fully participate in the protection of ecosystems and environment. Under Blue 
or Ocean economy, sustainable development strategies will be utilized for the utilization of 
Oceanic, marine and coastal fish, biological and mineral resources and for the development of 
sports, industries, energy and medicine while concentrating on research on maritime 
archaeology and anthropology. Under green development, attention will be paid to Green 
Industries, Agriculture, Energy, Constructions, Transport, Employment and Green 
Cities/Villages. We are happy to note that the necessary awareness is being created by both 
governmental and non governmental agencies on the the need for adaptation and mitigation 
efforts to achieve sustainable development. 

In view of these developments, it is most opportune that a magazine of this nature is providing 
valuable information on climate change and its adverse effects are coming into light.  It is my 
sincere hope that this be continued to encourage the general public to make efforts to 
minimize the impacts of climate change for the betterment of our environment, society and the 
economy.

Anuradha Jayaratne M.P. 
Deputy Minister of Mahaweli Development & Environment   
 
 



iii

 

Message of the Secretary
Launching the first volume of NeelaHaritha, the climate change 
magazine of Sri Lanka, coincides    the first ever mega national 
exhibition and conference on ‘Sri Lanka Next – A Blue Green Era’. 
Creating awareness among the public on the need to protect the 
environment and the advantages of the Blue Green Economy is 
the main objective of both these events and it is with great 
pleasure that I take this opportunity to congratulate those who 
are instrumental in this endeavour.  

Though small in size, Sri Lanka was in the forefront among 178 world leaders who signed the 
Paris Agreement on Climate Change at the Head Quarters of the United Nations on 22nd April 
2016 and was one of the first few countries to ratify the same on 22nd September, 2016 at the 
same venue. Our commitment is further illustrated by the declaration of the national policy ‘Sri 
Lanka Next – A Blue Green Era’ and the related activities initiated in keeping with the vision and 
guidance of H.E. the President.  

Sri Lanka’s activities in this sphere illustrate that, instead of being apprehensive, we take 
climate change as an opportunity for change. Necessary legal framework for setting up of a 
Climate Change Commission has been initiated, a draft Climate Change Act has been prepared 
and it will be submitted soon to the Parliament for approval.  We are working in collaboration 
with international organizations to stop deforestation and improve our forest cover, protect the 
ocean and use marine and coastal resources sustainably and to   conserve mangroves as a 
means to reduce carbon emissions.  

Development of green smart villages and cities has commenced while establishment of green 
energy sources such as  large scale wind power farms, solar power plants, biomass and waste to 
energy plants  to reduce  our dependency on thermal and coal power,  is being vigorously 
pursued. Eco friendly industrial production, green agriculture, green constructions, green 
transport and   green employment are other areas that we concentrate on.  

The process to combat climate change has thus commenced and it is our responsibility to keep 
the public informed of all developments to enable them to build resilience to adverse impacts. 
Launching this publication is important in this context and I wish to thank all those who have 
contributed immensely to make it a success. 

Udaya R. Seneviratne 
Secretary 
Ministry of Mahawali Development & Environment  
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  Foreword
 

Natural disasters that took place in Sri Lanka in the recent past causing 
damage to valuable lives, ecosystems and economic resources as well as 
major environmental hazards such as air pollution, water pollution, 
marine pollution, soil pollution and degradation which were due mainly 
to anthropogenic activities of a rising population opened our eyes to 
adverse impacts of climate change and made us think that something worthwhile needs to be done to 
face the challenges that threaten our very existence. With the advent of the Paris Agreement at COP 21, 
the global community became aware that mitigation and adaptation measures should be adopted in 
order to mitigate greenhouse gas emissions and global warming and to adapt to certain adverse 
situations to build resilience among humans to face challenges of climate change. Sri Lanka is a 
prominent player in this exercise. 

Since activities of humans are the root cause of climate change and related disasters, correcting social, 
economic and physical development strategies and its directions is a great service for the sustainability 
of future generations. Thus it is timely and most opportune to educate the community to be mindful of 
their activities and to participate in the endeavours of the state to follow low carbon pathways for 
sustainable development. 

It is with this thought that we, in the Climate Change Secretariat, took the initiative to publish 
NeelaHaritha, the Climate Change Magazine that contains many scholarly and scientific articles on 
climate change, its impacts and remedies and sustainable development for the benefit of the reading 
public. We hope that it will be well received encouraging us to continue its publication for many years to 
come. 

This would not have seen the light of the day if not for the support of many individuals who took a keen 
interest to make this a success. Mr. Udaya Seneviratna, Secretary, Mnistry of Mahaweli Development 
and Environment not only took a keen interest in guiding us in this endeavour but also helped us in 
providing the services of his closest associates. Foremost among the rest are the editors, Prof. W.L. 
Sumathipala, Mr. Gamini Gamage and Dr. Athula Senaratne who undertook the task of selecting and 
editing the articles and Mr. Pradeep Jayatunga, the language editor for a job well done. My sincere 
appreciation goes to them. 

I am also thankful to Ms. Thamila Dulani, Ms. Hasula Wickremasinghe and Ms. Methmali Rajaguru and 
many others of the Climate Change Secretariat of the Mahaweli Development & Environment Ministry 
for coordinating, proof reading and enabling the publication of this magazine. 

Dr. R.D.S. Jayathunga 
Director (Climate Change) 
Ministry of Mahawei Development & Environment 
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  Editorial
In general, climate change refers to alterations of normal weather and occurrence of extreme 
weather events with high frequency and magnitude. It is a global problem that affects the whole 
world irrespective of developed or developing countries or geographical demarcations. Climate 
change related natural disasters are causing enormous damage and hardships to individuals and 
nations. In order to overcome this problem and protect life and natural resources, it is necessary 
that everybody understands the gravity of the problem without ignoring or leaving it to scientists 
and decision makers only. The need to educate and create awareness among the general public 
must take a high priority. 

The Paris Agreement at the twenty first conference of parties (COP 21) in 2015 is a testimony that 
the whole world has recognized this grave problem. Sri Lanka has initiated ‘Sri Lanka NEXT- Blue 
Green Era” as the way forward for a low carbon pathway for national development with sustainable 
use of natural resources. In order to achieve this plan every citizen of this country needs to 
understand the problem and support it whole heartedly in order to become a prosperous country in 
the shortest possible time. 

Recent surveys indicate that a majority of the country is not aware of climate changeor its impacts 
on environment and natural resources. Even those who have some knowledge are not properly 
informed about its long term consequences.  As remedy to this, the Climate Change Secretariat of 
the Ministry of Mahaweli Development and Environment decided to publish this magazine targeting 
the public and students. The aim of the magazine is to take climate related problems to the public 
in a simple and easy to understand manner, and to change attitudes so individuals become climate 
change responsible citizens. 

In this inaugural issue, we have selected articles that will give background information about 
climate change, its impacts and actions being taken at an international and national level including 
mitigation and adaptation. It also includes a section; ’Observations’ which provides ideas for future 
research. Though many of the contributions are in English, it is planned to continue with more 
articles in swabasha and to include local aspects in the future in order to reach to large masses in 
the country.  
 
Views and ideas expressed in articles are entirely the view of the authors. We hope to make this 
magazine a platform for a lively discussion on climate change and look forward to receiving your 
feedback in order to improve quality and to take the message to all corners of society. We will try to 
include all aspects of climate change and would like to request you to submit articles on this vast 
subject for consideration in future issues.We express our sincere gratitude to all authors who 
contributed the valuable articles published in this issue. 

Editors 
Prof. W.L. Sumathipala  
Dr. Athula Senaratne 
Mr. Gamini Gamage 
Dr. R.D.S.Jayathunga 
Ms. Thamila Dulani 
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foaY.=K úm¾hdi ms<sn| ye¢kaùula 

o¾Ysld m;sr;ak 

Climate Change Secretariat, Ministry of Mahaweli Development & Environment 
darshika09.pathirathna@gmail.com 

 

j¾;udk f,dalh uqyqK § we;s m%Odk;u mdßißl .eg¿ j,ska tlla f,i foaY.=K úm¾hdi ksid 

we;sjk jHik yÿkajd Èh yelsh' m%Odk jYfhkau udkj l%shdldrlï uq,a lrf.k we;sù ;sfnk fuu 

.eg¿j ioyd f.da,Sh jYfhka jQ úiÿula wjYH jk w;r fïjk úg;a  ish¿fokdf.a wjOdkh ta ioyd 

fhduqù we;'  

ld¾ólrKh;a  iu. wêl f,i mßirhg uqodyßkq ,nk yß;d.dr jdhq úfudapkh ksid mßirfha 

iu;=,s;Ndjh ìo jeàu fya;=fldgf.k isÿjk fuu úm¾hdi j, wys;lr n,mEï yd lgql w;aoelSï 

úo .ekSug uq¿uy;a f,dalhgu isÿù we;' j¾;udkfha f,dalfha úúO m%foaYj,ska fukau ,xldfõo 

nyq,j wikakg ,efnk iajdNdúl jHikhka fndfyduhlgu uQ,sl moku ù we;af;a foaY.=K úm¾hdi 

ksid we;sjk wys;lr n,mEïh'  

foaY.=K úm¾hdi isÿjkafka flfiao hkak;a" tu.ska mßirhg yd Ôùkag we;sjk n,mEu yd tajd wju 

lr.kafka flfiao hkak;a ms<sno oekqj;a ùu bÈßfha§ we;sjk fujeks jHikhka hï;dla ÿrlg 

j,lajd .ekSug;aa tajdg id¾:l f,i uqyqK §ug;a b;d jeo.;a jk w;r fuu ,smsfha uQ,sl wruqK 

jkafka foaY.=K úm¾hdi ms<sno uQ,sl lreKq flfrys wjOdkh fhduq lsÍuhs'  

ld,.=Kh yd foaY.=Kh  

tla ia:dkhl flá ld,hla ;=, mj;sk jdhqf.da,fha iajNdjh ld,.=Kh hkqfjka yÿkajk w;r 

j¾Idm;kh" jdhqf.da,fha mSvkh" mßirfha idudkH WIaK;ajh" wd¾ø;djh" iq<x ;;ajh yd j,dl=¿ 

wdjrKh  wdÈfhys fjkiaùï ld,.=Kh ;SrKh lrk idOl fõ'  

jdhq f.da,fha È.=ld,Skj mj;akd ;;ajfha fjkiaùula f,i foaY.=K fjkiaùu f,i b;d ir,j w¾: 

oelajqjo Mlai;a cd;Skaf.a iïuq;sfha w¾: oelaùu wkqj th —Rcq fyda jl%j isÿjk udkj l%shdldrlï 

uÕska jdhq f.da,fha ixhq;sfha we;s lrk fjkialï fya;=fjka foaY.=Kfha we;sjk úm¾hdi foaY.=K 

fjkiaùï kïfõ'˜ foaY.=K l%shdj,sh ixlS¾K" tlsfkl iu. wka;¾l%shd lrk tlsfkl iu. 

iïnkaO;djhla we;s" jdhqf.da,h" f.dvìu" whsia yd ysu" id.r yd wksl=;a c, moaO;s j,ska iukaú; 

jqjls'  iq¾h lsrK u.ska foaY.=K moaO;sh i|yd wjYH Yla;sh ,ndfoa' 

 

foaY.=K úm¾hdij,g fya;=  

foaY.=‚l úm¾hdihka i|yd fya;= fiùug úoHd{hska Y;j¾I .Kkla W;aidy l< w;r ta i|yd Tjqka 

foaY.=‚l úm¾hdihkag fya;=jk úúO pl% iy l%shdj,skao  wOHhkh  lf<ah' kuq;a mßir WIaK;ajh 

by< hdfï m%udKh iy ms<sfj, ie,ls,a,g .ekSfï§ th fuu pl%  fyda l%shdj,ska j,ska muKla 

meyeÈ,s lsÍug fkdyels nj Tjqkag fmkS.sh lreKla úh' tuksid f.da,Sh WKqiqïùu meyeÈ,s lsÍug 

Tjqka ñksid úiska jdhqf.da,hg uqodyßk yß;d.dr jdhqkaj, n,mEuo fhdod .;af;ah'  

f.da,Sh WKqiqïùu i|yd yß;d.dr jdhq lsysmhla odhljk nj;a" fuu jdhqka ñksid úiska úúO l%u  

u.ska mßirhg uqodyßk nj Tjqka  m%Odk f,iu y÷kd .kakd ,§' m%Odk;u yß;d.dr jdhqjla jk 

ldnkavfhdlaihsâ jdhqj ^CO2& msglsÍu isÿ jkafka fmdis, bkaOk oykh u.sks' yß;d.dr jdhq iy 

tfrdafid,a ^l=vd wxY=& foaY.=Kh fjkiaùug odhl jkafka mD;=úhg jefgk iq¾h lsrK yd msgù hk 
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wfOdarla; lsrK w;r fjkila we;s lsÍï u.sks' ld¾ólrKh;a iu. jdhqf.da,fha mej;s yß;d.dr jdhq 

m%udKh jeä  ùu ksid iu;=,s;;dj ke;sùug mgka.;a w;r tu ksid miq.sh ld,fha foaY.=Kfha 

ie,lshhq;= fjkila olakg ,enq‚'  

fuu ish¨ f;dr;=re talrdYS lsÍu i|yd tlai;a cd;Skaf.a ixúOdkh úiska foaY.=K úm¾hdi ms<sno 

wka;¾ rdcH uKav,h ^IPCC& kñka úoHd{hska rdYshlf.ka ieÿï,;a lñgqjla msysgqjk ,§' fuu 

úoHd{hska wjqreÿ lsysmhlg jrla talrdYS ù f.da,Sh WKqiqïùug wod< w¨;au f;dr;=re Ndú;hg 

.ksñka jd¾;djla ie§u isÿflf¾' 

yß;d.dr jdhqka 

yß;d.dr jdhq hkq jdhqf.da,fha iajdNdúlju we;s iy lD;suj ksmojd we;s" ysref.a isg meñfKk fyda 

mD;=ú mDIaGfhka mrdj¾;kh jk úlsrK wjfYdaIKh lsÍug iy tajd kej; mßirhg uqodyeÍug 

yelshdj we;s jdhqkah' tlai;a cd;Skaf.a foaY.=K ms,sn| rduq.; iïuq;sfha ^UNFCCC&" 2012 j¾Ifha 

fodayd ys§ mj;ajkq ,enQ md¾Yjlrejkaf.a ieisjdrfha§ ^COP& yß;d.dr jdhqka f,i ldnkavfhdlaihsâ 

^CO2&" óf;aka ^CH4&"  khsg%iaTlaihsâ ^N2O&"  yhsâfrd*af,dafrdaldnka ^HFCs&" m¾*af,dfrdaldnka 

^PFCs)" i,a*¾ fylaid*af,darhsâ ^SF6& iy khsg%ckag%hs*af,darhsâ ^NF3& hk jdhq j¾. y÷kd .kakd ,§'  

yß;d.dr wdprKh hkq l=ulao@ 

1824 § Joseph Fourier kue;s úoHd{hd jdhqf.da,hla fkdue;s jqjfyd;a mßirfha WIaK;ajh oekg jvd 

fndfydafia wvqjk nj fmkajd fokf;la úoHd{hska yß;d.dr wdprKh ms<sn|j oek fkdisáfhah' 

mD;=úfha foaY.=Kh r|dmj;sk tla idOlhla f,i yß;d.dr wdprKh oelaúh yel' th fkdue;s 

jqjfyd;a mD;=úfha u;=msg WIaK;ajh-180C ;rï idudkH WIaK;ajhl /f|kq we;' fuh b;d my, 

WIaK;ajhla fõ' tuksid mDÓúfha Ôùkag Ôj;a ùug yß;d.dr wdprKh wjYH fõ' 1895 § iaùvka 

cd;sl ridhk úoHd{hl= jk Svante Arrhenius úiska ñksid úiska CO2 uqodyeÍu u.ska yß;d.dr 

wdprKh hk l%shdj,shg il%shj odhl jknj fmkajdfok ,§' 

mDÓú b;sydih ;=,o yß;d.dr jdhq idkaøKfha fjkiaùï isÿù we;' kuq;a uE;la jk;=re tajd idudkH 

w.hl mej;S we;' tuksid f.da,Sh WIaK;ajho idudkH w.hl mj;S we;' ñksid úiska fmdis, bkaOk 

oykh iy wksl=;a l%u u.ska yß;d.dr jdhqka uqodyeÍu ksid yß;d.dr wdprKh kue;s l%shdj,sh fï 

jkúg jeäù we;'  

iQ¾hhdf.ka msgjk lsrKj,ska jeä m%udKhla wdf,dalh f,i mDÓúhg ,Õd fõ' kej; mD;=ú 

mDIaGfhka tu Yla;sh jdhqf.da,hg mrdj¾;kh lrkafka wfOdarla; lsrK f,igh' fï l%shdj iu;=,s; 

ùug mD;=úhg ;dm ;rx. meñŒu fukau iy mD;=úfhka wNHjldYhg wfOdarla; lsrK mrdj¾;kho 

isÿúh hq;=h' kuq;a  mDÓú mDIaGfhka mrdj¾;kh jk wfOdarla; lsrK jdhqf.da,fha we;s yß;d.dr jdhq 

wKq u.ska r|jd .kS' fufia r|jd .kakd Yla;sh kej; mD;=ú jdhqf.da,hgu uqod yef¾' túg my, 

jdhqf.da,fha WIaK;ajh by, ke.Su isÿfõ' j¾;udkfha fuu yß;d.dr jdhq m%udKh jeäùu ksid my, 

jdhqf.da,fha WKqiqu jeäù we;' fuh yß;d.dr wdprKhhs'  

mDÓúfha WIaK;ajh by, hdu ksid we;sjk m%;súmdl  

mDÓúfha WIaK;ajh by, hdfï tla m%;súmdlhla f,i f,djmqrd we;s .a,eishr Èhùhdu oelaúh yel' 

úfYaIfhka W;a;rO%ejfha we;s whsia" ngysr wekagdáldfõ yd  .%Ska,ka;fha we;s whsia;Ügq iy wdlaálays 

we;s uqyqÿ whsia Èhùhdu ksid uqyqÿ c, uÜgu by, hdu u.ska ud,Èjhska jeks l=vd ¥m;a c,fhka 

hgùfï m%jk;djh isÿúh yel' ;jo wêl WIaK;ajhla iys; Èkhka we;sùu iy wêl ;Sj%j jeis ,eîu 

fya;=fjka .x j;=r" kdhhEï wd§ wmod ;;ajhka ks;r we;sùu olakg ,efí' fujeks yÈis wmod j,§ 

isÿjk Ôjk yd foam, ydks fukau iajNdúl mßir moaO;Skag isÿjk ydksho b;d úYd,h'  
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tfukau foaY.=K rgdjka fjkiaùu yd wdka;sl ld,.=‚l ;;a;aj jeä jYfhka isÿùu ksid ñksidf.a 

ffoksl lghq;= j,g úfYaIfhkau lDIsl¾udka;hg n,mEï t,a, ù we;' fjkiajk ld,.=K ixrpl 

ksid fndfyda ld,hla ;siafia ta ta m%foaY j, j.d lrñka mej;=Kq fNda. ;jÿrg;a j.d l, fkdyels 

;;ajhg o m;aù we;' fudaiï rgdjka fjkia ùu ;=<ska ksis l,g jeis fkd,eî hdu iy  §¾> kshx 

;;a;ajhka fya;=fjka c,h ysÕùfï wjOdkula we;sù we;' ñksidf.a mßfNdack rgdjg iß,k mßÈ 

c,h fkd,eî hdu ksid wdydr iqrlaIs;;djhg iy udkj fi!LHhg o wksis n,mEï t,a, ùu o 

mDÓúfha WIaK;ajh by, hdfï m%;súmdlhls' 

foaY.=K úm¾hdi j, m%;sM, f,i WIaK;ajh by< hdu ksid;a j¾Idm;k rgdfõ fjkialï we;s ùu 

ksid;a fvx.=" uef,aßhd jeks frda. me;sr hdfï m%jK;djh by< hdu" iq<sl=Kdgqj, m%N,;dj jeäùu" 

wfkHdakH iyfhda.S;ajfhka Ôj;ajk Ôúka úfYaIj, Ôjk rgd fjkiaùu tkï mrd.khg wod< 

lDókaf.a l%shdldß;ajhg fmr Ydl u,aM, .ekaùug iqodkï ùu ksid wiajekakg n,mEï we;s ùu iy 

mßir moaO;s fjkiaùu o mDÓúfha WIaK;ajh by, hdfï ;j;a m%;súmdlhka fõ'  

foaY.=K úm¾hdi ms,sn| f.da,Sh m%fõYh  

tlai;a cd;Skaf.a foaY.=K úm¾hdi ms,sn| rduq.; iïuq;sh 1992 j¾Ifha§ n%iS,fha ßfhda iuq¿fõ§ we;s 

lr .;a w;r tlai;a cd;Skaf.a foaY.=K úm¾hdi ms,sn| rduq.; iïuq;sh f.da,Sh jYfhka ksis mßÈ 

l%shd;aul lsÍu i|yd kS;Hdkql=, mokula iys; lsfhdaf;da ikaOdkh 1997 j¾Ifha§ we;s lr .kakd ,§' 

tlai;a cd;Skaf.a foaY.=K úm¾hdi ms,sn| rduq.; iïuq;sfhys md¾Yjlrejkaf.a 21 jk iïfï,kfha§ 

f.da,Sh WIaK;ajh by< hdu 20C uÜgug jvd wvqfjka r|jd .ekSfï wruqK fmroeßj meßia .súiqu 

iïu; lr .ekSu o foaY.=K úm¾hdi wju lsÍu i|yd .;a ;j;a mshrls' 

yß;d.dr jdhq úfudapkh wju lsÍu yd foaY.=K úm¾hdi ksid we;sjk n,mEï j,g wkqyqreùu 
ioyd  Y%S ,xldj ;=, l%shd;aul jk jev ms<sj, 

foaY.=K úm¾hdi f,alï ld¾hd,h 2008 j¾Ifha§  msysgq ùu" 2010 § foaY.=K úm¾hdi i|yd wkqj¾;kh 

ùfï cd;sl l%fudamdh ilia lsÍu iy 2012 § Y%S ,xldfõ foaY.=K úm¾hdi ms,sn| cd;sl m%;sm;a;sh 

ilia lsÍu;a fï i`oyd f.k we;s b;d jeo.;a m%Odk mshjr lSmhls' tfiau 2000 iy 2012 § uq,sl yd 

fojk cd;sl ikaksfõok jd¾;d ^Initial and Second National Communications& ilia fldg tlai;a 

cd;Skaf.a foaY.=K úm¾hdi ms,sn| rduq.; iïuq;shg bÈßm;a lr we;s w;r f;jk cd;sl ikaksfõok 

jd¾;dj ilia lsÍug wjYH lghq;= ielfiñka mj;s'  

foaY.=K úm¾hdi fya;=fjka we;sjk wjOdku we.hSu ^Vulnerability Assessment& iy lDIsl¾uh yd 

ëjr" c,h" fi!LH" ffcjúúO;aj yd mdßißl moaO;s iy k.r ixj¾Okh" udkj ckdjdi iy há;, 

myiqlï hk fCIa;% 05 i|yd wjOdkï me;slv ^Vulnerability Profile& ieliSu;a  isÿlr we;s w;r Y%S 

,xldfõ foaY.=K úm¾hdi j,g  wkqyqre ùu iy yß;d.dr jdhq úfudapkh wju lsÍu i|yd ;dlaIK 

wjYH;d we.hSula o ^Technology Need Assessment& isÿ lr we;' tfiau yß;d.dr jdhq úfudapkh wju 

lsÍug n,Yla;s wxYh i|yd cd;sl fhda.H yß;d.dr jdhq úfudapk wju lsÍfï l%shdldrlï ^Nationally 
Appropriate Mitigation Actions& ilia lsÍu iy l%shd;aul lsÍu foaY.=K úm¾hdi wxYh u.ska isÿ lr 

we;s ;j;a lghq;= lSmhls'  

tfiau foaY.=K úm¾hdi iïnkaO úúO jHdmD;s lSmhla o l%shd;aul w;r f,dal wdydr jevigyk 

wkq.%yfhka isÿ lrkq ,nk uyje,s .x.d føda‚h wdY%s; f.dú ckmoj, jeis c,fhka hefmk 

lDIsld¾ñl m%cdj foaY.=K úm¾hdi j, wys;lr n,mEïj,g wkqyqre lrùfï jHdmD;sh ueÈß.sßh" 

,xldmqr yd j,mfka m%dfoaYSh f,alï fldÜGdYj, oekgu;a l%shd;aul fõ' 

Y%S ,xldj foaY.=K úm¾hdi j, n,mEï ioyd wkqyqreùfï cd;sl ie,eiau ^National Adaptation Action 
Plan on Climate Change Impacts& 2016-2025 ilia lr we;s w;r foaY.=K úm¾hdi ms,sn| lñgq 
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lSmhlao ia:dms; lr we;s w;r tajd u.ska wjYH ;dlaI‚l oekqu yd Wmfoia ,nd.kS' foaY.=K úm¾hdi 

ms,sn| cd;sl iïnkaëlrK lñgqj" foaY.=K úm¾hdi i|yd wkqj¾;kh ùfï cd;sl úfYaI{ lñgqj yd 

foaY.=‚l úm¾hdi wju lsÍu ms,sn| cd;sl úfYaI{ lñgqj fï lñgq w;r fõ'  

b;d uE; ld,fha§ Y%S ,xldj isÿ lrk ,o b;du jeo.;a ld¾hla jkafka" Y%S ,xldj 2016 § foaY.=K 

úm¾hdi ms,sn| meßia .súiqug w;aika ;eîu yd th wmrdkqu;  lsÍuhs'  

ish,a, foaY.=K úm¾hdi wju lsÍu i|yd odhl ùu 

foaY.=K úm¾hdi wju lsÍu ioyd f.da,Sh jYfhka odhl;ajh imhk w;r;=r" tÈfkod isÿlrk 

ld¾hhkaj,§ wmg o fï ioyd fm!oa.,slj fyda wdh;ksl jYfhka iyh oelaúh yel' 

ta w;r by< n,Yla;s ld¾CIu;djfhka hq;= WmlrK Ndú;d lsÍu" wvq n,Yla;shla jeh jk úÿ,s nqnq¨ 

Ndú;d lsÍu" wkjYH  úÿ,s myka ksjd oeóu" yels iEu úgu fmdÿ m%jdyk fiajd i|yd keUqre ùu" 

mßir ys;ldó fouqyqka jdyk iy úoHq;a jdyk Ndú;d lsÍu" mßir ys;ldó m%jdyk udOHla jk md meÈ 

Ndú;hg yqreùu" isis,a mßirhl§ jdykfha jdhqiólrK l%shd úrys; lr iajNdúl mßirfhys isis, ú| 

.ekSu" fudag¾ r:fha tkaðu kslrefka mK .kajd ;eîfuka je,lSu" yels iEu úgu úÿ,s wdf,dalh 

fjkqjg iajNdúl wdf,dalh Ndú;hg yqre ùu" foaYSh ksIamdok i|yd keUqre ùu" foaY.=K úm¾hdi 

ms<sn| ;uka i;= oekqu wka whg ,nd §u" f.j;a; ;=,u j.d lsÍug yqre ùu" ksjfia wmf;a hk 

ldnksl wmøjH  j,ska fldïfmdaiaÜ ksmojd .ekSu" úl,am n,Yla;s i|yd fhduqùu" mßir iy;sl ,;a 

yß; oE ñ,§ .ekSu" yels Wmßufhka .ia isgqùu iy isgqjk ,o .ia iqrlaIs; lr /l n,d .ekSug 

lemùu oelaúh yel' 
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fhyepiy khw;wk; Mgj;jhdjh? 

M.N. Fathima Muneera 
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fmuneera@yahoo.com 

 

20 Mk; E}w;whz;bd; ,Wjpg; gFjp Kjy; fhyepiy khw;wKk; mjd; tpisTfSk; jPtpukhf 

czug;gl;ljd; tpisthf ‘fhyepiy khw;wk;’ vd;w tplak; cyfshtpa uPjpapy; kpf 

mjpfkhfg; Ngrg;gl;L tUfpd;wJ. ,f;fhyepiy khw;wj;jpw;F ,aw;if nraw;ghLfshd #upa 

rf;jpapy; Vw;gl;l khw;wq;fs;> vupkiy ntbg;Gf;fs;> fhl;Lj; jP Nghd;wdtw;Wld;rpy khdpl 

eltbf;iffSk; fhuzkhfTs;sd.   

‘fhyepiy khw;wk;’vd;gjid>‘Fwpj;j gpuNjrj;jpd; fhyepiyj; jd;ikfis> Gs;sptpguj; 

juTfs; Nghd;wthwhd tplaq;fspd; mbg;gilapy; Nehf;Fk; NghJ rhurup kw;Wk; (my;yJ) 

fhyepiy %yfq;fspd; jd;ikfspy; ePz;l fhy mbg;gilapy; Fwpg;ghf gj;J my;yJ 

gj;Jf;F Nkw;gl;l tUlq;fspy; Vw;gl;Ls;s khw;wk;’vd tiutpyf;fzg;gLj;jyhk; (IPCC, 2007). 

fhyepiy khw;wj;jpw;fhd khdpl fhuzq;fs; 

1. fhlopg;G: #oy; rkepiyiag; NgZfpd;w fhLfshdit> tptrha eltbf;iffis 

Nkw;nfhs;sy;> tpwFj; Njitfisg; G+u;j;jp nra;jy;> efuhf;fk;> tPjpfs; kw;Wk; fl;blq;fis 

mikj;jy;>nghOJ Nghf;Ff;Fj; Njitahd ,lq;fis mikj;jy; Nghd;w gy;NtW 

fhuzq;fSf;fhf Jupjkhf mopf;fg;gl;L tUfpd;wd. ,r;nraw;ghlhdJ mjpfstpyhd CO2

tspkz;lyj;ijr; nrd;wilaf; fhuzkhfpd;wJ. 20 k; E}w;whz;bd; ,Wjpg;gFjpapy; fhlopg;G 

tPjkhdJ tUlj;jpw;F 13 kpy;ypad; n`f;lau;fs; vd;w mstpy; fhzg;gl;Ls;sJ (FAO, 2005). 
vdpDk; mwpf;iffs; kw;Wk; gpuNjr mbg;gilapy; fhlopg;G tPjk; khWgLfpd;wikAk; 

Fwpg;gplj;jf;fJ. njd; mnkupf;fhtpy; 2000 – 2010 fSF;F ,ilg;gl;l fhyj;jpy; fhlopg;G 

tPjk; tUlj;jpw;F 4 kpy;ypad; n`f;lau;fs; vd;w mbg;gilapy; fhzg;gl;ljhfTk; 

Mgpupf;fhtpy; tUlhe;jk; 3.4 kpy;ypad; n`f;lau;fs; vd;w mbg;gilapy; fhzg;gl;ljhfTk; 

njuptpf;fg;gLfpd;wJ (FAO, 2010).  
 

2. capu;r;Rtl;nlupnghUs; ghtid: epyf;fup> ,aw;if thAf;fs; kw;Wk; vupnghUl;fs; 

Nghd;wdtw;iw kpd; kw;Wk; ntg;gr; rf;jpiag; ngw;Wf; nfhs;tjw;fhf vupg;gjhy; 

ngUkstpyhd CO2 tspkz;lyj;ijr; nrd;wilfpd;wJ. capr; Rtl;nlupnghUs;fspd; ghtid 

kw;Wk; rPnke;J cw;gj;jp vd;gdtw;wpd; fhuzkhf 1751 Mk; Mz;L Kjy; 337 gpy;ypad; 

nlhd; fhgd; tspkz;lyj;jpw;F tplg;gl;Ls;sjhfj; njuptpf;fg;gLfpd;wJ (CDIAC, 2012). 

3. gr;ir tPl;L thAf;fspd; ntspNaw;wk;:fhlopg;;G> thfd ghtid> tpyq;F tsu;g;G> 

ifj;njhopw;rhiy eltbf;iffs;> capu;r;Rtl;nlupnghUs; ghtid Nghd;wd fhuzkhf 

mjpfstpyhd gr;ir tPl;L thAf;fs; tsp kz;lyj;jpw;F tplg;gLfpd;wJ. fle;j Kg;gJ 

tUlq;fshf gr;ir tPl;L thAf;fs; tUlj;jpw;F Rkhu; 1.6 rjtPjk; vd;w mbg;gilapy; 

mjpfupj;Js;sJs;sJld; capu;r; Rtl;nlupnghUl;fspd; fhuzkhf ntspaplg;gLfpd;w 

fhgdPnuhl;irl;bd; msT tUlhe;jk; 1.9 rjtPjj;jhy; mjpfupj;Js;sJ (IPCC, 2007).  

fhyepiy khw;wj;jpd; tpisTfs;  

‘ehrh (NASA)epWtdkhdJ>‘Gtp Nkw;gug;ghdJ 1880 fspy; ,Ue;Nj ntg;gkila 

Muk;gpj;Jtpl;lJ. vdpDk; 1970 fspd; gpd;dNu Gtp mjpfkhf ntg;gkilar; nra;ag;gl;lJ’ 
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vdj; njuptpf;fpd;wJ.NkYk; 1980 fspd; Kjy; gFjpfspy; ,Ue;J ntg;gepiyj; juTfis 

vLj;J Nehf;Fk; NghJ 2012 Mk; Mz;lhdJ kpf ntg;gkhd  Mz;lhff; Fwpg;gplg;gLtJld; 

,jid 20k; E}w;whz;bd; ruhrup Mz;L ntg;gepiyahd 13.00C (57.00F) vd;w epy kw;Wk; fly; 
Nkw;gug;G ntg;gepiyAld; xg;gpLk; NghJ> ,J 0.570C (1.030F) mjpfkhf cs;sJ(NOAA, 2012). 
Nkw;Fwpj;j tpj;jpy; Gtp ntg;gepiy mjpfupj;Jr; nry;tjhdJ gpd;tUk; tpjj;jpyhd gy;NtW 

jhf;fq;fs; Vw;gl toptFj;Js;sJ.  

1. ,aw;if mdu;j;jq;fs; mjpfupj;jy;: tul;rp> #whtsp> fhl;Lj; jP> nts;sg; ngUf;F> Nghd;w 

gy jhf;fq;fs; Kd;ida Mz;LfSld; xg;gpLk; NghJ mz;ikf; fhyq;fspy; 

mjpfupj;Js;sjhff; Fwpg;gplg;gLfpd;wJ. c–k;: 1970 fs; Kjy; tl mj;jpyhe;jpf; gFjpfspy; 

madr; #whtspfspd; mjpfupj;Js;sd (IPCC, 2007).  

2. ghiytdkhjy;: ghiytdg; gutyhdJ Mgpupf;fhtpy; 7 kpy;ypad; rJu fpNyh 

kPw;wu;fSf;Fk; mjpfkhd gFjpfspy; jhtuq;fspd; cs;shu;e;j cw;gj;jpia 25 rjtPjj;jhy; 

Fiwtilar; nra;Js;sJ (IPCC, 2012). NkYk; Mgpupf;fhtpy; mjpfupj;j Nka;r;ry; fhuzkhf 

%d;wpy; ,uz;L gFjpastpyhd epyg;gFjp VyNt ghiytdkhjYf;F cl;gl;Ls;sjhfTk; 

kpFjp xU gFjpahdJ tptrhaj;jpw;Nfh my;yJ fhlhf;f eltbf;iffSf;Nfh cfe;jjhf 

,y;iy vd;Wk; njuptpf;fg;gLfpd;wJ (UNEP, 1997).  

3. ePu; jl;Lg;ghL: NASAtpQ;Qhdpfspdhy; VO tUlq;fshf nra;kjp %ykhfg; ngwg;gl;l 

juTfspd; mbg;gilapy; Nlu;f;fp> rpupah><uhf; kw;Wk; <uhd; Mfpa ehLfspd; rpy gFjpfspy; 

mjpfstpyhd ePu; Fiwtile;Js;sik njupa te;Js;sJ. NkYk; I. ehtpd; tpQ;Qhdpfs; 

(2007) 2020 Mk; Mz;lhFk; NghJ 75 – 250 kpy;ypad; Mgpupf;f kf;fs; ePu; gw;whf;Fiwia 

vjpu;nfhs;tu; vdf; Fwpg;gpl;Ls;sdu;.  

4. gdpg;glyq;fs; cUfYk; fly; ePu; kl;lk; mjpfupj;jYk;: 20 Mk; E}w;whz;bd; NghJ 

cyfpy; ruhrupahf fly; kl;lk; tUlj;jpw;F Rkhu; 1.7 kp.kP vd;w mstpy; cau;e;Js;sjhfTk; 

2090 Mk; Mz;lhFk; NghJ fly; kl;lkhdJ tUlj;jpw;F ruhrupahf 4 kpkP vd;wstpy; 

mjpfupf;fyhk; (IPCC, 2007) vd;Wk; vjpu;T $wg;gl;Ls;sJ. If;fpa mnkupf;fhtpd; #oy; 

ghJfhg;G ikak; (2012)>1960 – 2011 fSf;Fl;gl;l fhyj;jpy; If;fpa mnkupf;fhtpd; fiuNahug; 

gFjpfspYk; fly; kl;lk; cau;tile;Js;sJ vd;Wk; Fwpg;ghf kj;jpa mj;jpyhe;jpf; fiu> fy;g; 

fiuNahug; gFjpfspd; rpy ,lq;fspy; 8 mq;Fyq;fSf;Fk; mjpfkhdstpy; fly; kl;lk; 

cau;tile;Js;sjhfTk; gRgpf;fpd; tlNkw;Fg; gFjpfs; Nghd;w rpy ,lq;fspy; fly; kl;lk; 

Fiwtile;Js;sjhfTk; njuptpj;Js;sJ.  

5. gbT tPo;r;rpapd; msT khw;wkiljy;: 1900 – 2005 tiuapyhd fhyg;gFjpapy; tl kw;Wk; 

njd; mnkupf;fhf;fspd; fpof;Fg; gFjpfs;> tl INuhg;gh> tl kw;Wk; kj;jpa Mrpahtpd; rpy 

gFjpfspy; ruhrup gbT tPo;r;rpapd; msT mjpfupj;Js;sJld; rhN`y;> njd; Mgpupf;fh Nghd;w 

rpy gFjpfspy; ruhrup kio tPo;r;rp Fiwtile;Js;sJ (IPCC, 2007). rpy ,lq;fs; fhyk; 
jg;gpa kioia mDgtpj;J tUfpd;wikAk; Fwpg;gplj;jf;fJ. ,yq;ifapd; mz;ikf;fhy rpy 

mDgtq;fisf; $l ,jw;F cjhuzkhff; Fwpg;gplyhk;.  

6. jhtu tpyq;fpdq;fs; moptiljy;: fhyepiy khw;wj;jpd; tpisthf 70 tPjkhd jhtuq;fs; 

mopit Nehf;fpr; nry;Yk; (UN, 2007). 

fhyepiy khw;wj;ij my;yJ fhyepiy khw;wj;jpd; jhf;fq;fisf; Fiwf;f Nkw;nfhs;sg;gl;l 

eltbf;iffs;. 

“capupd tho;f;ifia epiyehl;bAs;s xNunahU Nfhshd Gtpia> epiyj;J epw;ff; $ba 

mgptpUj;jpapd; mbg;gilapy; ghJfhj;J vkJ mLj;j jiyKiwapdUf;Ff; ifaspf;f 
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Ntz;ba ghupanjhU nghWg;G fhzg;gl;l NghJk;> mjid nghUl;gLj;jhJ ,g;Gtpf; 

Nfhsj;ij Vida kyl;Lf; Nfhs;fisg; Nghd;W khw;wpaikf;Fk; Nehf;fpy; kdpju;fshfpa 

ehk; vkJ nraw;ghLfis Nkw;nfhz;L tUfpd;Nwhk;”vd;why; mjid ahuhYk; kWf;f 

KbahJ. kdpjd; #oiy ftdj;jpw; nfhs;shj tpjjj;jpy; Nkw;nfhs;fpd;w eltbf;iffs; 

kPz;Lk; kdpjidNa ghjpf;fpd;wd vd;gjhy;  Gtpia ghJfhf;Fk; nghWg;igAk; kdpjNd 

Vw;Wf;nfhs;s Ntz;bajhapw;W. ,t;tpjj;jpy; fhyepiy khw;wj;jpd; tpisTfis fl;Lg;gLj;j 

Nkw;nfhs;sg;gl;l xU rpy Kf;fpa mk;rq;fis my;yJ eltbf;iffis ml;ltiz 1 fhl;b 
epw;fpd;wJ.    

ml;;;ltiz:1: fhyepiy rk;ge;jkhf eilngw;w rpy khehLfs;> gpufldq;fs; 

tUlk;> jpfjp khehl;bd; ngau; ftdj;jpw; nfhz;l Kf;fpa 
vz;zf;fU (fhyepiyAld; 
njhlu;Ggl;l tpjj;jpyhd) 

eilg;ngw;w 
,lk; 

1972 ([{d; 5 
- 16) kdpj - #oy; gw;wpa I.eh 

(];nlhf;N`hk;) khehL  

#oy;>UNEP 
cUthfpaik>CFCs kw;Wk; 
XNrhd;  

RtPld; - 

];nlhf;N`hk;.   

1977 (Mf];l; 

29 – 
nrg;nlk;gu; 9) 

ghiytdkhjy; rk;ge;jkhd 
I.eh khehL  

ghiytdkhjy; 
 
 
 

nfd;ah – 
ieNuhgp

1992 ([{d; 3 
- 14) 

UNCED (#oy; kw;Wk; 
mgptpUj;jp rk;ge;jkhd I.eh 
khehL); (upNah khehL my;yJ 
Gtp cr;rp khehL 1992) 

#oy;> fhyepiy khw;wk;> 
fhyepiy njhlu;ghd I.eh 
gpufldk; 

ifr;rhj;J>UNFCCC Njhw;wk; 
ngw;wik 

gpNwrpy;- upNah-b- 
n[dpNuh 

1997 brk;gu; 
11 

‘fpNahl;Nlh gpufldk;’  
[g;ghd; - 
fpNahl;Nlh 

2003 
(nrg;nlk;gu; 

29 – 
xf;Nlhgu; 3) 

WCCC (World Climate Change 
Conference)

fhyepiy khw;wk; 
u\;ah – 
nkh];Nfh 

2008 ([{iy 
7 - 9) 

G-8 Summit

vjpu;fhyj;jpy; Vw;glf; $ba 
fhyepiy khw;wj;ijf; 
Fiwg;gjw;F nghUshjhu 
rpf;fy;fs; kw;Wk; gr;ir 
tPl;L thAf;fspd; 
ntspNaw;wk; 
vd;gdtw;wpidf; Fiwj;jy;  

[g;ghd; - 
n`hf;ifNlh 

2012 brk;gu; 
08 

“fpNahl;Nlh khehl;bd; Nlh`h 

jpUj;jk;”(Doha Amendment to the 
Kyoto Protocol) Vw;Wf; 
nfhs;sg;gl;lJ. 

fhyepiy khw;wk; Nlh`h 

2012 ([{d; 20 
- 22) 

epiyj;jjpUf;ff; $ba 
mgptpUj;jp rk;ge;jkhd I.eh 

khehL (Rio + 20)

fhyepiy khw;wj;ij 
cs;slf;fpa epiyj;jpUf;ff; 
$ba mgptpUj;jpapd; 
gy;NtW Nehf;Ffs;  

gpNwrpy;- upNah-b- 
n[dpNuh

2015 brk;gu;  
fhyepiy rk;ge;jkhd gup]; 

khehL (COP21) 

ntg;gepiy cau;itf; 
fl;Lg;gLj;jy;. 
,e;E}w;whz;by; ntg;gepiy 
cau;it 2 ghif 
nry;rparhy; Fiwf;f 
,zf;fk; njuptpf;fg;gl;lJ.  

gpuhd;]; - gup]; 
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2016 (Vg;gpuy; 
22) 

 

,yq;ifapd; Njrpa 
Nehf;fq;fis cs;slf;fpa 

tpjj;jpyhd (INDC) jk;khy; 
Nkw;nfhs;s KbAkhd 
nraw;ghLfis tFj;J kPs 
xg;gilj;jy; 

 

2016 
(nrg;njk;gu; 
21) 

 
gup]; cld;gbf;ifia 
Vw;Wf;nfhs;sy; 

 

%yk;: http://newsroom.unfccc.int/and 
http://www.geni.org/globalenergy/issues/global/environment/climate-change/global-climate-
change/unfccc.int/doha-conference-november-2012/index.shtml. 

Nkw;Fwpj;jtw;Wld; XNrhd; giliag; ghJfhf;Fk; jpdk;> ku eLifj; jpdk;> Gtp jpdk;> #oy; 

jpdk; Nghd;w gy jpdq;fs; nfhz;lhlg;gLtjd; ClhfTk; NeubahfNth kiwKfkhfNth 

fhyepiy khw;wj;ij jLg;gjw;fhd eltbf;iffs; Nkw;nfhs;sg;gLfpd;wd. ntspaPLfs;> 

rkthaq;fs;> xg;ge;jq;fs; Nghd;wdTk; Vw;gLj;jg;gLfpd;wd. ntspaPLfSf;F cjhuzkhf 

IPCC kw;Wk;I.eh tpd; fhyepiy rk;ge;jg;gl;l mwpf;iffiaf; Fwpg;gplyhk;. fhyepiy 

khw;wj;jpw;F xj;Jiof;Fk; tpjj;jpy; ehKk; kuq;fis ,aYkhdsT ely;> mj;jpatrpaj; 

Njitf;fhftd;wp kuq;fis ntl;lhjpUj;jy; Nghd;wthwhd rpy eltbf;iffis 

Nkw;nfhs;syhk;.  

Jiz epd;wit 

CDIAC, 2014. Global fossil-fuel Co2 emissions  
 in http://cdiac.ornl.gov/trends/emis/tre_glob.html accessed 27 April 2016. 

FAO, 2010. Global Forest Resource Assessment.   
 http://www.fao.org/docrep/013/i1757e/i1757e02.pdf,. Accessed 2016 April 25. 

IPCC, 2007. IPCC Fourth Assesment Report: Climate change 2007. 
  in http://www.ipcc.ch/publications_and_data/ar4/wg1/en/faq-5-1.html. Accessed 28 April 2016,  

UN, 2016. UN Climate Change News room. inhttp://newsroom.unfccc.int/ accessed 02 May 2016 at 3.05 
pm.  

KdPuh> vk;.vd;.vg;.> 20.01.2008. mr;RWj;jYf;F cs;shFk; Gtpf;Nfhsk;> tPuNfrup thukQ;rup.  
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From Rio to Paris, a History of Climate Change Negotiations 

Methmali Rajaguru 
Climate Change Secretariat, Ministry of Mahaweli Development & Environment 

methmali@yahoo.com 

 

Climate change is a global challenge and requires a global solution. Greenhouse gas emissions have the 
same impact on the atmosphere whether they originate in any country irrespective of the country of 
origin. Consequently, action by one country to reduce emissions will do little to slow global warming 
unless other countries act as well. Ultimately, an effective strategy will require commitments and action 
by the major emitting countries.  

This article gives an overview of the milestones of climate negotiations and aims at providing a 
comprehensive picture of recent developments up to present. 

In 1979, the first World Climate Change Conference recognized climate change as a serious problem and 
called on all governments to address it. A number of intergovernmental conferences focusing on climate 
change were held during 1980-1990. The Intergovernmental Panel on Climate Change (IPCC) is the 
international body for assessing the science related to climate change and it was set up in 1988 by the 
World Meteorological Organization (WMO) and United Nations Environment Programme (UNEP). It 
issued their First Assessment Report in which it confirmed the existing scientific evidence for global 
climate change.   

1992: Rio Earth Summit adopts UN Framework Convention on Climate Change (UNFCCC), UN 
Convention to combat Desertification and UN Convention to Biological Diversity.  

At the United Nations Conference on Environment and Development in Rio de Janeiro in 1992, 
the United Nations Framework Convention on Climate Change (UNFCCC) was adopted. It opens for 
signature at the Earth Summit in Rio, bringing the world together to curb greenhouse gas emissions and 
adapt to climate change. It acknowledged the existence of human-induced climate change and gave 
industrialized countries the major part of responsibility for combating it. UN Convention on Biological 
Diversity and the Convention to Combat Desertification are the sister conventions of these Rio 
Conventions. 

The UNFCCC entered into force on 21 March 1994 and 197 countries that have ratified the Convention 
are called Parties to the Convention.  The Conference of the Parties (COP) was established under Article 
7 of the UNFCCC as the supreme body of the Convention with the mandate to adopt the decisions 
necessary to promote its implementation. The first Conference of the Parties (COP 1) met in Berlin in 
1995. 
  
Sri Lanka ratified the Nations Framework Convention on Climate Change (UNFCCC) in November 1993. 
 
 



10

1997: Kyoto Protocol, the world’s first Greenhouse gas emissions reduction treaty 

An amendment to the United Nations Framework Convention on Climate Change (UNFCCC), adopted in 
1997and entered in to force in 2005, establishes specific targets for reducing emissions of carbon 
dioxide and five other gases. Under this, three mechanisms are identified such as Emission trading (The 
Carbon market), Clean Development Mechanism (CDM) and Joint Implementation (JI)  

The United States signed the treaty, but the U.S. Congress did not ratify it. Therefore, the U.S. is not a 
party to Kyoto. However, 160 other countries have signed and ratified this agreement to reduce their 
carbon dioxide emissions.  

Sri Lanka ratified the Kyoto Protocol in September 2002 and in keeping with the obligations of the 
UNFCCC, the Government of Sri Lanka submitted its Initial National Communication in 2000. 
 
2001: Marrakech –COP 7 
Parties agreed on a package deal, with key feathers including rules for ensuring compliance with 
commitments, consideration of LULUCF (Land Use Land Use Change and Forestry) principles in 
reporting of such data and limited banking of units generated by sinks under the Clean Development 
Mechanism (CDM). The meeting also adopted the Marrakech Ministerial Declaration as an input into 
the World Summit on Sustainable Development in Johannesburg.    
 
2005: Montreal - COP11 
COP 11 addressed issues such as capacity building, development and transfer of technologies, the 
adverse effects of climate change on developing and least developed countries, and several financial 
and budget –related issues, including guidelines to the Global Environment Facility (GEF), which serves 
as the Convention’s financial mechanism. The COP also agreed on a process for considering future 
action beyond 2012 under the UNFCCC.  
 
In 2005, the Conference of the Parties serving as the meeting of the Parties to the Kyoto Protocol 
(CMP) at its first meeting in Montreal, established the Ad Hoc Working Group on Further Commitments 
for Annex 1 Parties under the Kyoto Protocol (AWG –KP). The aim of the AWG-KP is to discuss future 
commitments for industrialized countries under the Kyoto Protocol. 
 
2007: COP 13 adopts the Bali Road Map, which lays out focuses on mitigation, adaptation, technology 
and financing 

At COP 13, which was held in Bali, Indonesia, parties agreed on the Bali Road Map. In 2007, the 
Conference of the Parties in Bali (COP 13) decided “to launch a comprehensive process to enable the 
full, effective and sustained implementation of the Convention through long-term cooperative action”, 
with the aim of reaching an agreement two years later (Bali Action Plan) 
 
The Bali Action Plan identified five key building blocks; Shared vision, Mitigation, Adaptation, Technology 
and Financial resources, for strengthened future response to climate change beyond 2012.   
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2009: COP 15 failed to reach post-Kyoto commitment. Copenhagen Accord adopted to limit the global 
temperature rise to 20C. 

The Copenhagen accord called for all the nations to reduce emissions, invest in clean energy technology 
and practices and help people adapt to the effects of climate change. The accord also, for the first time, 
acknowledges that staying below 2 degrees Celsius may not be sufficient and includes a review in 2005 
of the need to potentially aim for staying below 1.5 degrees Celsius or an atmospheric CO2 
concentration of 350ppm.  

2010: COP 16 establishes Green Climate Fund, the Technology Mechanism and the Cancun Adaptation 
Framework 

Although no comprehensive agreement was reached under the Bali Action Plan, Parties at COP 16 in 
Cancun in 2010 agreed on several important decisions which became to be known as the “Cancun 
Agreements”. Cancun Agreement consist of five main elements; Financing through Green Climate Fund, 
Reducing Emissions from Deforestation and Forest Degradation (REDD+), Increasing transparency 
through Monitoring, Reporting and Verification(MRV), Formalizing the emissions reduction pledges 
made at COP 15 in Copenhagen, Denmark and creating a new Adaptation Framework 

The COP recognized that deep cuts in global greenhouse gas emissions were required to limit the 
increase in the global average temperature below 2 C0 above pre-industrial levels. The Parties agreed on 
enhanced action on adaptation and called for nationally appropriate mitigation commitments and 
actions. The Cancun Agreements established a mechanism for technology transfer, consisting of the 
Technology Executive Committee (TEC) and the Climate Technology Centre and Network (CTCN), a 
mechanism for climate finance, the Green Climate Fund (GCF) and the Cancun Adaptation Framework 
including the Adaptation Committee.  
 

2011: COP 17 launches Ad Hoc Working Group on the Durban Platform for Enhanced Action (ADP) 

At COP 17 in Durban in 2011, a dedicated body was established to develop a new, broad agreement 
under the convention; the “Ad Hoc Working Group on the Durban Platform for Enhanced Action”. 
 
In Durban, it was also decided to establish a second commitment period under the Kyoto Protocol. One 
year later, this second commitment period was agreed on at COP 18 in Doha, as an amendment to the 
Kyoto Protocol known as the Doha Amendment. 
 

2013: COP 19 in Warsaw establishes REDD+ and loss and damage mechanism 

The climate change conference in Warsaw in November 2013 marked important progress in the 
preparation of a new agreement. Parties were invited to initiate or intensify domestic preparations for 
their Intended Nationally Determined Contributions (INDCs) to a new agreement.  
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At the same conference, the Warsaw International Mechanism for Loss and Damage was established. 
This mechanism addresses loss and damage associated with impacts of climate change, including 
extreme events and slow onset events. The mechanism aims at enhancing the knowledge and 
understanding of comprehensive risk management approaches, at strengthening the dialogue and 
coordination among relevant stakeholders and at enhancing action and support, including finance, 
technology and capacity building.  
 
In the area of REDD+ (Reducing Emissions from Deforestation and Forest Degradation, including the role 
of conservation, sustainable management of forests and enhancement of forest carbon stocks in 
developing countries), the Warsaw framework for REDD+ was established. It consists of a package of 
decisions addressing monitoring, reporting and verification of REDD+ activities, establishing an 
information hub to publish results and payments, and encouraging financial entities, including the Green 
Climate Fund to channel adequate and predictable results-based finance.  
 
2014: COP 20 unveils new negotiating text in anticipation of 2015 

In 2014, at an important international event prior to the conference in Lima, UN Secretary General Ban 
Ki-moon invited leaders from government, business and civil society to a climate summit in New York in 
September 2014. During that event, several industrialized and developing countries announced 
mitigation targets and some Parties pledged contributions to the Green Climate Fund. These 
announcements were seen as a starting point for more statements to be made at the climate change 
conference in Lima and beyond. 
 
2015: COP 21 in Paris deadline for new post –Kyoto climate treaty   

The 21st Conference of the Parties (COP 21) took place in Paris from 30 November to 11 December 
2015. A draft agreement has been prepared by the “Ad Hoc Working Group on the Durban Platform for 
Enhanced Action” (ADP) and negotiated during the conference. The Paris conference also served as the 
meeting of the Parties to the Kyoto Protocol and as meeting of the subsidiary bodies under the UNFCCC. 

World leaders consented to the Paris Agreement which is a universal agreement which possesses a 
legally binding effect to all its parties. The Paris agreement covered the main topics mitigation, 
adaptation, finance, technology, capacity building and transparency. As regards mitigation, the aim of 
the agreement is to commit all Parties to limiting or reducing their greenhouse gas emissions. In the run-
up to the Paris conference, the Parties have been invited to communicate their Intended Nationally 
Determined Contributions (INDCs). In their INDCs, Parties commit themselves to greenhouse gas 
emission reductions compared to a base year or compared to a business as usual scenario, mostly for 
the period until 2025 or 2030.  

The Main objective of the Paris Agreement is to strengthen the global response to the threat of climate 
change by keeping global temperature rise in this century well below 2 degrees Celsius above pre-
industrial levels and to pursue efforts to limit the temperature increase even further to 1.5 degrees 
Celsius. 
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As per the Article 20 of this Agreement, itis open for signature for a period of one year, from 22ndApril 
2016 to 21stApril 2017. Sri Lanka was among the 175 countries that signed the Paris Agreementat the 
High Level Signing Ceremony on 22nd April 2016. 

As per the Article 20 of this Agreement, it is open for signature for a period of one year, from 22nd April 
2016 to 21st April 2017. Sri Lanka signed the Paris Agreement at the High Level Signing Ceremony on 22nd 
April 2016 and ratified on 21st September 2016. Out of 197 Parties to the Convention, 75 Parties have 
ratified.On 5th October 2016, the threshold for entry into force of the Paris Agreement was achieved. 
The Paris Agreement will enter into force on 4th November 2016. The first session of the Conference of 
the Parties serving as the Meeting of the Parties to the Paris Agreement (CMA1) will take place in 
Marrakech in conjunction with COP 22 and CMP 12. 

According to the decisions taken in previous Conference of Parties (COP) to UNFCCC parties submitted 
their INDCs well before COP21. INDCs are the primary means for governments to communicate 
internationally the steps they will take to address climate change in their own countries. 

INDCs will reflect each country’s ambition for reducing emissions, taking into account its national 
priorities, circumstances and capabilities and Sri Lanka’s submitted INDCs comprise of following four 
areas such as Mitigation, Adaptation, Loss and Damage and Means of Implementation. 
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COP 21, The Paris Agreement & Future Directions for Sri Lanka (Mitigation) 

W.L. Sumathipala 
Advisor to the Ministry of Mahaweli Development & Environment 

wlsumathipala@hotmail.com 

 
Scientists were able to show and convince the governments during the 1970-1980 era that the climate is 
changing due to human activities. Therefore, over 24 years ago United Nations Framework Convention 
on Climate Change (UNFCCC) was initiated at the Earth Summit at Rio de Janeiro in 1992. The aim of the 
UNFCCC was to take action for stabilization of greenhouse gas (GHG) concentrations in the atmosphere 
at a level that would prevent dangerous anthropogenic interference with the climate system.  

It took several years and UNFCCC came into force on March 21, 1994 and the first Conference of Parties 
(COP 1) was held in 1995 at Berlin from March 28 to April 7. Afterwards COPs were held every year at 
various locations of the world.   Since the aim was to stabilize GHGs in the atmosphere there were 
discussions and debates at these COPs about how to achieve this task. There were basically two groups 
that engaged in the debate. One group was the developed or the industrialized countries who emitted a 
substantial amount of GHGs due to burning of fossil fuels for their economic development. The other 
group represented developing countries and their emission were small and negligible in some cases but 
suffered the most due to climate change related events and frequent and powerful natural disasters. 
Although emission reduction of GHGs is the prime need to prevent climate change, who has to take 
action and in what proportion, method, time and amount were debated at these COPs mostly by taking 
into account reports and projections of future scenarios by the Intergovernmental Panel on Climate 
change (IPCC). 

Developing countries are strongly arguing that developed countries are responsible for climate change 
due to historical emission of enormous amount of CO2 into the atmosphere. Therefore they are also 
responsible for reducing emission, preventing climate change and supporting developing countries to 
overcome the consequence and suffering due to aggravated natural disasters and damage (under the 
convention 37 industrialized countries are in this category). Developed countries on the other hand 
argue that developing countries are emitting substantial amounts of GHGs especially BRICS (Brazil, 
Russia, India, China, South Africa) countries who are still in the developing country category ( Group of 
77 and China are in this group). 

However In 1997 at COP 3 in Japan, Kyoto Protocol (KP), a legal instrument of UNFCCC, was initiated 
with the aim of reducing emission of GHGs by developed countries.  KP was to reduce emission of GHGs 
by developed countries by 5.2% of their 1990 level during 2008-2012 period. However this target was 
never achieved. While the agreement was in force the emissions increased and disasters related to 
climate change were observed world over. 

During COP 17 in Durban in November 2011, it was decided to have an agreement bringing everybody in 
UNFCCC together for a successful remedy for climate change. After continuous discussion at every COP, 
in 2015 at COP 21 in Paris, with the participation of many heads of states, a remarkable landmark 
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agreement was reached. It is a unique agreement as all 197 countries who are party to UNFCCC agreed 
unanimously to the decisions of the COP 21. The goals of the agreement are to keep global temperature 
rise well below 20C abovepre-industrial temperatures while pursuing efforts to limit it to 1.50C; increase 
the ability to adapt; and make finance flows consistent with a pathway towards low emissions and 
climate-resilient development.  

Although, the mandate for negotiating agreement from COP 17 envisaged it to come into effect and to 
be implemented from 2020, the agreement will come into force 30 days after the date on which at least 
55 parties (countries) to the UNFCCC amounting to at least an estimated 55% of the total global GHG 
emissions have deposited their instruments with the depository at the secretariat. 

According to this, there are two targets for long-term temperature goals. For most nations the plan was 
to hold temperature rise below 20C. However, 1.5oC was included in Paris mainly due to the strong push 
by vulnerable countries like Small Island Developing States (SIDS) and Least Developing States (LDS) and 
others. The problem here is that according to models in order to keep the temperature below 20C the 
concentration of atmospheric CO2 should be below 450 parts per million (ppm) while if it is to be limited 
to 1.50C this value should be below 350 ppm. At present this value is around 400ppm and increasing 
steadily. Therefore to limit the temperature rise at 1.50 C, CO2 in the atmosphere should be removed in 
some way. 

 In order to achieve the aim of this agreement every country (Party) whether developed or developing 
has a role to play should global emission of GHGs be reduced. The agreement also states that developing 
countries have to be helped to achieve reduction through sustainable development. It also eludes to the 
fact that the “loss and damage” aspect due to climate change must be considered.  

 A major part of this agreement is to be achieved through Nationally Determined Contributions (NDCs) 
that are to be submitted by all countries. This agreement is considered to be a win-win situation for all 
countries and ensures that mother earth will be a habitable planet for future generation as well. 
Countries’ emission reduction will be gathered through NDCs and it is hoped that it will be possible to 
estimate future global emission amount which will help to predict temperature rise in time to come. 

In Sri Lanka the GHG emission is not high. Emissions come mainly from power generation, transport 
sector, solid waste disposal and industry. Other areas are agriculture with chemical fertilizer usage and 
use of machinery and the forestry sector where deforestation and forest degradation lead to increased 
emission and reduced absorption of CO2 leading to increased retention in the atmosphere. 

Sri Lanka has already submitted its Intended Nationally Determined Contributions (INDCs) before signing 
the agreement. If countries are not submitting NDCs after signing the agreement, then INDCs will be 
considered as NDCs. NDCs need to be communicated every five years and put in place domestic 
measures to achieve, and Sri Lanka as a developing country is entitle to receive support for mitigation 
actions.  Parties are allowed to adjust existing NDCs at any time to enhance its level of ambition. It is 
noteworthy that co-benefits resulting from adaptation actions or economic diversification efforts can 
also be counted towards mitigation contribution. 
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While some emission reduction is envisaged to be achieved voluntarily, there are several activities to be 
fulfilled with the assistance from outside either multilaterally or bilaterally to complete NDCs fully. It 
must be noted that if intended emission reduction is achieved by taking in to consideration a sustainable 
development pathway it will help Sri Lanka in the long term. For an example, if renewable energy such 
as Solar, Wind, Bio Mass, Ocean Waves and Ocean Thermal Energy Conversion (OTEC) are used it will be 
possible to generate sufficient and environmental friendly power for the country. This will lead to 
reduction in fossil fuel imports and will help economic development.  At present, a major portion of 
national budget goes out as foreign exchange to import fossil fuels. This also will help Sri Lanka to have a 
pollution free clean environment which in turn will provide for healthy living and reduce health costs for 
the government. When electricity is generated through renewable sources in an environment friendly 
manner which is sustainable, transport systems, both railways and road can be converted to use 
electricity, clean energy which will have zero emission. For the future direction of Sri Lanka especially in 
the mitigation direction, it will be possible to achieve emission reduction while helping economic 
development which will have advantages in economy, environment and social aspects. There needs to 
be a proper and well prepared action plan and activities to benefit from emission reduction and 
assistance from the outside world.  

Even through the main focus of Paris agreement is to reduce emission and mitigate climate change, it 
also considers sustainable development and the help will be available for developing countries. Some of 
the emission reduction activities not only help mitigate climate change but help in adaptation aspect as 
well. For example, in Sri Lanka  if Solar energy can be developed to a level that it takes a major share of 
energy need of the country, then water in reservoirs can be used for agriculture during drought 
conditions as an adaptation measure to climate change. During drought conditions with bright sunlight 
solar power generation will be high.  

For a satisfactory outcome, the general public has to be educated every step of the way and support and 
agreement of masses obtained in order to prevent any objections and anticipated obstacles. If this can 
be achieved Sri Lanka can be an example to the world while achieving sustainable development.      
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The Intended Nationally Determined Contributions (INDCs) came into the global climate change 
negotiation table at the 19th session of the Conference of Parties (COP 19) to the United Nations 
Framework Convention on Climate Change (UNFCCC) with the determining by the global community at 
the 17th session of the Conference of the Parties (COP 17) by the decision of  1/CP.17 to develop a 
protocol, another legal instrument or an agreed outcome with legal force under the Convention 
applicable to all Parties at the 21st session of the Conference of the Parties (COP 21) and for it to come 
into effect and be implemented from 2020. 

Parties to the UNFCCC were invited by the decision of 1/CP.20 to communicate their intended nationally 
determined contributions well in advance of the 21st session of the Conference of the Parties (COP 21) in 
a manner that facilitates the clarity, transparency and understanding of the INDCs. In this context, Sri 
Lanka, as a party to the UNFCCC, initiated the process of preparing INDCs and submitted its INDCs by 
October 2015. 

The INDCs of Sri Lanka consist of reducing Greenhouse Gas (GHG) emission as Mitigation, building 
resilience of vulnerable communities, areas, and sectors to meet the adverse impacts of climate change 
as Adaptation, identifying the need of resources mobilization to implement Adaptation and Mitigation 
actions as Means of Implementation (finance, technology development and transfer, capacity building) 
and minimizing the risk and impacts of climate induced disasters as Loss and Damage.  
 
The INDCs submitted by the Parties are the commitments of the Agreement which was reached in 
December 2015 in Paris, France, as per the previous COP decisions on adopting a protocol, another legal 
instrument or an agreed outcome with legal force under the Convention applicable to all Parties. This 
universal agreement called Paris Agreement was adopted at COP 21 with the objective of holding the 
global average temperature well below 20C above pre-industrial levels and to pursue efforts to limit the 
temperature increase to 1.50C above pre-industrial levels by 2100, recognizing that this would 
significantly reduce the risks and impacts of climate change. 

As a result of agreeing to the Paris Agreement by Sri Lanka, His Excellency the President of Sri Lanka 
launched the Sri Lanka NEXT - Blue Green Era programme on 6th of January 2016 in order to implement 
the INDCs submitted to the Paris Agreement with the objective of ensuring the national economic 
development in a low carbon development pathway to achieve a sustainable development goals target. 
 
Sri Lanka NEXT – Blue Green Era is mainly focusing more deeply on environment friendly oceanic and 
terrestrial economic development potential of the country with special attention on marine biological 
resources, minerals along the coastal belt and offshore, potential ocean navigational facilities, Ocean 
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energy potential as well as greening the industries, agriculture, transportation system, energy 
generation, infrastructure development, manufacturing and entrepreneurship and green constructions 
and buildings etc. 

Blue-Green Era is to establish sustainable development pathways to minimize environmental 
degradation, while maximizing resources efficiency through introducing innovative technology with 
combining best traditional knowledge and practices and ultimately, changing the behavior of production 
chain and lifestyles.  

Sri Lanka’s mitigation INDCs covers five major greenhouse gas emission reducing areas such as energy 
generation and efficiency, transportation, industry, waste and forestry.  
 
Energy generation capacity will be strengthened to meet the country’s growing demand through 
renewable energy sources like hydro, solar, wind, biomass, tidal waves and biogas etc. Investment in 
these areas to meet the commitment under the Paris Agreement will fulfil the green energy component 
of the Blue Green Era.    
 
In order to reduce greenhouse gas emission in the transport sector, modification of transportation 
systems has been focused on submitted transport sector INDCs. Implementation of these INDCs could 
be supported for greening the transportation systems, which has been fully underlined as one of major 
components to be achieved as the set objective of the Blue Green Era.  
 
Reducing greenhouse gas emission from industrial process and increasing energy efficiency in industries 
are the main characters of INDCs which have already been submitted in this sector. Greening the 
industries is reducing GHG emission to minimize adverse effects of climate change while stabilizing the 
potentiality of products to be competitive in the national and international markets. This is one of the 
aims of Blue Green Era in the terms of greening the industries. 
 
Improved waste management practices will be introduced to minimize the emission of one of the main 
greenhouse gases, Methane (CH4) under the submitted INDCs in the sector. Capturing methane to 
generate electricity is one of renewable energy sources that could be ensured the green energy 
generation referred to in the Blue Green Era concept while producing organic fertilizer to improve the 
agricultural production system for further greening.  
 
Increasing the natural forest cover from 29.6% to 32% by 2030 is one of main targets given in the forest 
sector INDCs. By achieving this target, carbon sequestration could be increased and environmental 
services such as purification of water and air, reducing soil degradation, increasing the biodiversity and 
the capacity of medicinal pool could be ensured. 
 
The significance of implementing the aforementioned mitigation INDCs is two fold. The foremost factor 
is to save the planet earth together with the global community effort by contributing GHG emission 
reduction though the per capita emission of Sri Lanka is negligible. The other factor is the improving of 
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local air quality to assure nation’s healthiness while saving foreign exchange spent for importing fossil 
fuels that could be utilized for improving the quality of life of the people of the country. Furthermore, 
the new green investments would create the green employment opportunities and ensure the 
stabilization of the Blue Green economy in the country. 
 
Most vulnerable sectors to adverse effects of climate change have been incorporated in Sri Lanka’s 
Adaptation INDCs. They are the agriculture, fisheries, and livestock in term of ensuring food security of 
the country, water and irrigation that are highly essential for survival of human being and ecosystem 
services that could fully support the continuous flow of food production, threat to human health with 
the spreading of vector and air borne diseases, coastal and marine resources depletion, loss of 
biodiversity and ecosystems, infrastructure and natural monuments dedicated for tourism and 
recreation, urban, city planning and human settlements due to extreme weather and low onset events 
such as prolonged draughts with the changes of Monsoon pattern, flash floods due to intensive rainfalls 
and rising sea level and temperature. 
 
Although building resilience of above vulnerable sectors to meet the adverse effects of climate change is 
a commitment under the Paris Agreement, it is a national obligation. However, the national capacity of 
the country to meet the incremental cost for remedial adaptation measures is not adequate. Therefore, 
in order to implement the potential mitigation options and adaptation measures in the country, means 
of implementation should be provided by the developed countries as per the Convention following the 
common, but differentiated responsibilities and respective capabilities, equity, right to development and 
historical responsibilities. Considering the necessity of the above external supports, means of 
implementation have been incorporated in Sri Lanka’s INDCs as one of major components. Building the 
capacity of each vulnerable sector to meet the adverse effects of climate change is fully supportive to 
encounter the objectives of Blue Green Era. Further, reducing the risks and impacts of climate induced 
disasters through improving the existing national disaster management mechanism with the Warsaw 
International Mechanism on Loss and Damage which was established at COP 19 has been incorporated 
in the Sri Lanka’s INDCs as Loss and Damage; that is also directly supportive to Sri Lanka NEXT - Blue 
Green Era.  
 
Sri Lanka as a Party to the UNFCCC, the Paris Agreement signed on 22nd April 2016 and ratified it on 21st 
of September 2016. Consequently, Sri Lanka has committed to implement the above INDCs under the 
Paris Agreement when it enters into force.  

By the time this article was written, news on the Paris Agreement appeared that 75 out of 197 parties 
have ratified the Agreement and it has come early into force before 4th November 2016 reaching the 
expected condition of “at least 55 Parties to the Convention accounting in total for at least an estimated 
55% of the total global greenhouse gas emissions have deposited their instrument of ratification, 
acceptance, approval or accession with the Depository” of the Paris Agreement. 

After ratifying the Paris Agreement by a party, the submitted Intended Nationally Determined 
Contributions (INDCs) become the Nationally Determined Contributions (NDCs) of the respective party. 
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As Sri Lanka has already ratified the Paris Agreement, Sri Lanka’s INDCs have become Sri Lanka’s NDCs. 
Also, the Paris Agreement will enter into force soon. Sri Lanka has to be prepared to implement the 
above NDCs within the time period by achieving the set targets.  

In these circumstances, Sri Lanka has to revisit the prepared “Readiness Plan for Implementation of 
Intended Nationally Determined Contributions” from 2017 to 2019 and expedite the readiness strategy. 
Also, in order to implement the Sri Lanka’s NDCs, expected Means of Implementation (Finance, 
Technology Development and Transfer, Capacity Building) should be obtained from the external sources 
while making a strong voice at the global climate change negotiation table as a developing country. 
Further, in order to implement Sri Lanka’s NDCs efficiently and effectively, it is required to build the 
capacity of relevant stakeholders, conduct technology need assessments, mobilize appropriate 
technologies and establish a solid regulatory institutional setup such as proposed “Climate Change 
Commission” through National Climate Change Act that could fully support to achieving the ultimate 
objectives of Sri Lanka NEXT – Blue Green Era. 
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The 21st session of the Conference of Parties (COP21) of the United Nations Framework Convention on 
Climate Change (UNFCCC) was held in Paris, France from 30th November to 11th December 2015 with the 
participation ofmany world leaders who consented to the Paris Agreement. Fostering climate resilience 
and low greenhouse gas emissions development, holding the increase in the global average temperature 
to well below 2 degree Celsius above pre industrial levels, pursuing efforts to limit the temperature 
increase to 1.5 degrees Celsius above pre industrial levels in the context of sustainable development and 
making efforts to eradicate poverty are the major concerns of this agreement. 

Consequently, member countries to the UNFCCC have consented to control the rise of global 
temperature by publishing their Intended Nationally Determined Contributions (INDCs) and implement 
them after the Paris Agreement becomes force. Sri Lanka is a signatory to the Paris Agreement signed by 
178 world leaders in April this year. Since ratification of this agreement is mandatory to become an 
active participant, approvals of the Cabinet of Ministers and the Parliament have been obtained and, on 
the invitation of the Secretary General H.E. Ban Ki Moon, H.E. the President Maithripala Sirisena has 
attended  the Ratification Ceremony in New York  on the 21st of September 2016. 

Energy, Transport, Industries, Agriculture & Livestock, Forestry and Waste Management are the main 
sectors that contribute to greenhouse gas emission and resultant increase in global warming. Thus, in 
order to mitigate greenhouse gas emission from these sectors, Sri Lanka has identified its targets and 
submitted them to the UNFCCC Secretariat.  

Having submitted the INDCs and having completed the ratification of the Paris Agreement, Sri Lanka has 
become a fully committed nation to uphold the consensus reached by world leaders.  

INDCs:   Mitigation Sector. 

Sri Lanka’s INDCs Report consists of Mitigation, Adaptation, Means of Implementation (finance, 
technology, development and transfer, capacity building and loss and damage) and mainly five sectors 
have been identified where greenhouse gas emission could be reduced.  They are Energy, Transport, 
Industries, Forests and Waste sectors. INDCs for mitigation intend to reduce GHG emissions against 
Business As Usual (BAU) scenario by 20% in energy sector, (4% unconditionally and 16% conditionally) 
and by 10% in other sectors (transport, forests and waste) by 3% unconditionally and 7% conditionally.* 

 

 

 

* “Unconditionally” means INDCs that will be implemented fully or partially with national capacity and without external support while 
“Conditionally” means INDCs to be implemented with external support.  
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INDCs : Adaptation Sector. 

Adaptation is the only key strategy that a developing country can choose for facing the adverse effects 
of climate change. Climate adaptation is widely defined as actions taken to moderate, cope or take 
advantage of experienced or anticipated changes in climate. 

Ocean and related Coastal and Marine resources and Bio diversity and Eco Systems fall into Sri Lanka’s 
ambitious strategy of mainstreaming climate change adaptation and are in line with the Paris 
Agreement and Cancun Adaptation Framework (CAF). Based on these, National Climate Change 
Adaptation Strategy (NCCAS) and National Adaptation Plan have been developed and Sri Lanka believes 
that proper adaptation can prevent losses and damages while creating a conducive environment for low 
carbon development 

Consequently, five major broader adaptation targets have been identified. They are: 

1. Mainstreaming climate change adaptation into national planning and development 
2. Enabling climate resilient and healthy human settlements 
3. Minimizing climate change impacts on food security 
4. Improving climate resilience of key economic drives   
5. Safeguarding natural resources and biodiversity from climate change impacts 

Health, Food Security (Agriculture, Livestock and Fisheries), Water, Irrigation, Coastal and Marine, 
Biodiversity, Tourism and recreation and Urban, City planning and human settlements have been 
identified as the most vulnerable sectors to the adverse effects of climate change and Proper adaptation 
can prevent losses and damages while creating a conducive environment for low carbon development. 

With the submission of these INDCs, Sri Lanka gave a clear message to the world community that it is 
serious about the ways in which impacts of climate change could be handled. One would note that these 
INDCs are more or less identical with the sustainable development goals of the United Nations. The 
basic concern of the world community  is a green economy, but, being an island nation Sri Lanka has 
gone one step further, thanks to the vision and commitment of H.E. the President. 

Blue Green Economy: 

Sri Lanka Next – A Blue Green Era’ is a national campaign initiated by H.E. the President Maithripala 
Sirisena  to lead Sri Lanka towards a low carbon environment and sustainable development in keeping 
with the tenets of the Paris Agreement for mitigation of greenhouse gas emissions and adaptation of 
measures to minimize adverse effects of climate change. It was strongly felt that correcting social, 
economic and physical development strategies and its directions for the existence of humans as well as 
flora and fauna is a great service for the sustainability of future generations. Thus, it is most timely and 
opportune to adopt a blue-green development strategy for the sustainable development of Sri Lanka in 
order to provide a more fruitful, happy and healthy livelihood for the populace.   

In the Blue Development Strategy, oceanic fish resources, other marine biological resources, oceanic 
mineral resources, oceanic navigation and port facilities, development of tourism industry utilizing 
coastal and oceanic resources, promoting beach and oceanic sports, maritime archaeology and 
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anthropology, centre for the Security of the Ocean, oceanic energy and production of medicine using 
oceanic resources are being considered as potential areas for sustainable development. 

Green development strategy has green industrial production, green agriculture, green energy, green 
constructions, green transport, green cities/villages and green employment that, one would note, 
coincide with the published INDCs. In other word, these establish our commitment to pursue intended 
pathways to reach sustainable developments. 

The government, of course, has taken positive steps by introducing national policies, strategies and 
actions to realize its targets. In addition to the Climate Change Secretariat established in 2009, several 
other initiatives including the declaration of National Climate Change Policy of Sri Lanka, National 
Climate Change Adaptation Strategy for Sri Lanka, while preparation of the Climate Change Commission 
Act, introduction of green constructions and establishment of green smart villages are some other 
initiatives that the government embarked on. 

Furthermore, the government is working closely with international organizations to achieve its 
objectives; UN-REDD and REDD + (Reducing Emissions from Deforestation and Forest Degradation), is 
such a program that is being carried out as an effort to create a financial value for the carbon stored in 
forests, offering incentives for developing countries to reduce emissions from forested lands and invest 
in low-carbon paths to sustainable development. "REDD+" goes beyond deforestation and forest 
degradation, and includes the role of conservation, sustainable management of forests and 
enhancement of forest carbon stocks. This program helps Sri Lanka to improve its forest cover from the 
present 29% to the anticipated 32% in the near future. Similarly, the rehabilitation of degraded 
agricultural lands in Kandy, Badulla and Nuwara Eliya Districts in the Central Highlands is presently being 
carried out. 

It has been observed that coastal areas and marine environment are being polluted and causing adverse 
effects on the sensitive marine ecosystems and some ocean related industries such as fisheries and 
tourism. Hence, systematic awareness programs to create awareness among all concerned and to obtain 
their active participation were designed and the International Coastal Clean up Day is celebrated every 
year on Saturday of the 3rd week of September while from this year National Marine Resources 
Conservation Week will also come into action from Saturday of the 3rd week to Saturday of the 4th week 
of September to propagate the International Coastal Cleanup Programme all over Sri Lanka.   

In view of these, it is clear that Sri Lanka is committed not only to abide by the Paris Agreement but, also 
to follow low carbon pathways for the benefit of this generation as well as future generations. It is of 
paramount importance that this information should reach the populace for the success of this exercise 
depends on their fullest cooperation and participation.  

 

Note:  The author has drawn material from the Paris Agreement, INDCs of Sri Lanka and the ’Sri Lanka Next- A Blue Green 
Era’ Policy Declaration for the preparation of this article and is indebted to its authors.  
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Introduction 

As a developing nation the contribution of Sri Lanka to atmospheric pollution and the country’s GHG 
emissions on a global scale is negligible. However, as an Island Nation it is impacted by the adverse 
effects of climate change in a disproportionate manner. Therefore, maintaining credibility and 
legitimacy at international negotiating tables is vital for a country like Sri Lanka if it is to be heard in 
terms of international environmental law policy making. To this end particularly, and also for other 
reasons, it is important that Sri Lanka complies with the international obligations set on it by 
international conventions.  

This article looks at key environmental treaties that are relevant to climate change to which Sri Lanka is 
a Party or a signatory i.e. the United Nations Framework Convention on Climate Change, the Kyoto 
Protocol and the Paris Agreement. The article also seeks to focus on how the obligations relate to them 
and the measures taken by the Sri Lankan government at a domestic level to comply with the standards 
set under international law.  

United Nations Framework Convention on Climate Change 

The United Nations General Assembly established the International Negotiating Committee (INC) for a 
Framework Convention on Climate Change in 1990. The INC drafted the Convention and was adopted at 
the UN Headquarters of New York. It was opened for signature at the Rio de Janeiro Earth Summit from 
4th to 14th June 1992. The Convention on climate change sets an overall framework for 
intergovernmental efforts to tackle the challenge posed by climate change. It recognizes that the climate 
system is a shared resource whose stability can be affected by industrial and other emissions of carbon 
dioxide and other greenhouse gases. 

The Conference of the Parties (COP) is the "supreme body" of the Convention, as its highest decision-
making authority. It is an association of all the countries that are Parties to the Convention. The 
Convention established two permanent subsidiary bodies: the (SBSTA) and the (SBI). These bodies give 
advice to the COP, and each has a specific mandate. They are both open to participation by any Party, 
and governments often send representatives, who are experts in the fields of the respective bodies. To 
date, the COP has had twenty one meetings, and at its last, held in Paris, countries agreed to the Paris 
Agreement.  

Kyoto Protocol 

The Conference of the Parties (Article 7), the Supreme Body of the UNFCCC Convention, held its third 
session in December 1997 and adopted the Kyoto Protocol, which commits developed countries (Annex 
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I parties) to reduce their collective emissions of greenhouse gases by at least 5% of the 1990 level by the 
period 2008 –2012.The major distinction between the Protocol and the Convention is that while the 
Convention encouraged industrialised countries to stabilize GHG emissions, the Protocol commits them 
to do so. 

Three Kyoto mechanisms have been proposed by the protocol to achieve the Kyoto targets in reducing 
greenhouse gases (GHG) from the atmosphere. These mechanisms guide developed as well as 
developing countries to take collaborative efforts to fulfil the protocol commitments. These market 
based mechanisms include Emission Trading (ET), Clean Development Mechanism (CDM) and Joint 
Implementation (JI) 

The Meeting of Parties (CMP) is the "supreme body" of the Kyoto Protocol. It is an association of those 
Parties to the Convention that have also ratified the Kyoto Protocol. The CMP meets every year during 
the same period as the COP. The Annex 1 parties (Developed Countries) to reduce their collective 
emissions of greenhouse gases by at least 5%of the 1990 level by the period 2008 –2012. 

The Ministry of Environment & Natural Resources established the Sri Lanka Carbon Fund to actively 
participate in the carbon trading process. The fund is a private company, which will facilitate CDM 
project development within the country and will facilitate the potential CDM project developers in 
project development, facilitate financing and other related matters. It will also participate in Carbon 
Market schemes and to obtain maximum benefit to the country via carbon trading. 

Three Kyoto mechanisms are proposed by the protocol to achieve the Kyoto targets in reducing 
greenhouse gases (GHG) from the atmosphere. Clean Development Mechanism projects are viable 
among developing countries and developed countries. Sri Lanka being a developing nation, no direct 
commitment under the Kyoto protocol is enforced. However, Sri Lanka has volunteered to participate in 
CDM projects. 

The National Environmental Act (NEA) No 47 of 1980 (amended in 1988 and 2000) was enacted primarily 
focusing on environmental protection and management. The emission of pollutants into the atmosphere 
is prohibited under section 23 of the National Environmental Act and the National Environmental 
(Protection and Quality) Regulations of 1990, Motor Traffic (emission control) Regulation Number 817/6 
dated 3rd May 1994, Ozone Depleting Substances and National Environmental (Ambient Air Quality) 
Regulations 1994. Gazette Notification Number 850/4 dated 20th December 1994, Amended 
Regulations (Air Emission, Fuel and Vehicle Importation standards) Gazette Notification Number 
1137/35 dated 23rd June 2000, Amendment to Gazette Notification Number 1295/11 dated 30th June 
2003, National Environmental (Air Emissions, Fuel & Vehicle Importation standards) Amended 
Regulations. Gazette Notification Number 1295/11 dated 30th June 2003, Extra Ordinary Gazette No 
1557/14 dated 09th July 2008 and National Environmental (Ambient Air Quality) Regulations 850/4 
dated 20.12.1994, amended by extra ordinary Gazette No 1562/22 dated 15.08.2008. 
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Doha Amendment to the Kyoto Protocol was adopted in 2012 for a second commitment period which 
commences in 2013, and extends to 2020. However, this is yet to enter into force with 114 instruments 
being needed for the amendment to come into force.  

Paris Agreement 

The Paris Agreement builds on the UNFCCC, and was agreed to by Parties to the UNFCCC at the COP 21 
held in Paris in 2015. For the first time, the Agreement brought together all nations into a common 
cause to take up ambitious targets on reducing GHG emissions, and to combat climate change and to 
adapt to its adverse effects. 

The Paris Agreement focuses on strengthening the global efforts on climate change, and keeping the 
temperature rise this century to well below 2 degrees Celsius above pre-industrial levels. It also provides 
to pursue efforts to limit the temperature increase to 1.5 degrees Celsius. This was one of the key 
demands from the country groups which represented those most vulnerable to the impacts of climate 
change.  

In addition to this, the Agreement focuses on the provision of financial flows, a new technology 
framework and capacity building, as well as loss and damage which were declared and a separate 
element on their own and not treated together with adaptation as previously had been done. The Paris 
Agreement also focuses on a robust transparency and accountability framework which will be the key to 
compliance, and requires countries to put their best efforts when addressing emission reduction 
through nationally determined contributions (NDCs). 

Ratifying the Paris Agreement 

At the ceremony convened by the Secretary General of the United Nations on 22 April 2016, the world 
saw 174 States and the European Union signing the  Paris Agreement. The Agreement will enter into 
force based on the dual requirement that needs to be satisfied.  

In accordance with Article 21, paragraph 1 of the Paris Agreement, “the Agreement shall come into force 
the thirtieth day after the date on which at least 55 Parties to the Convention accounting in total for at 
least an estimate 55% of the total global greenhouse gas emissions have deposited their instruments of 
ratification, acceptance, approval or accession with the Depository.” 

This explains that the ratification on its own by a country will not be sufficient for the Paris Agreement 
to enter into force at the global level. The ratifications by the countries need to be communicate 
accordingly, and the relevant instruments deposited with the Depository.  

Application of International Climate Change Related Law in Sri Lanka 

The 1969 Vienna Convention on the Law of Treaties provides that the States are bound to comply in  
good faith with the treaties that the countries have ratified, and to comply with such treaties according 
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to the international law principles. The Constitution of Sri Lanka, in the Chapter on Directive Principles of 
State Policy refers to the state obligation to respect the international law; as per Article 27(15) state is 
meant to ‘endeavour to foster respect for international law and treaty obligations in dealings among 
nations’.  

Sri Lanka, with the other Parties to the UNFCCC, signed to be a party to the Paris Agreement, and in 
September 2016, with the approval of its parliament, ratified the Paris Agreement. This entails the 
country being bound by the obligations of the Paris Agreement, and the submissions made to the 
UNFCCC for the voluntary emission reduction targets in the form of Intended Nationally Determined 
Contributions (INDCs).  

Having already moved forward in complying with the requisites of a Party to the UNFCCC, the country 
has already submitted its National Adaptation Plan (NAP), and a Readiness Action Plan for the 
Implementation of the INDCs of Sri Lanka, and is in the process of preparing a Climate Commission Act 
which will provide for the institutional structure to facilitate the implementation of the Paris Agreement. 
As previously mentioned after the dual requirements of 55% of the global emissions is represented by 
those countries that have ratified the Paris Agreement, and 55 countries have ratified the Paris 
Agreement. And, Sri Lanka has pro-actively engaged to implement the Paris Agreement, and the 
international laws relevant to climate change in the country, so as to contribute to the global efforts to 
mitigate the impacts of climate change.  
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Introduction  

Climate change is one of the burning environmental issues, which has attracted more attention from the 
global community in this century. It means a change of climate which is attributed directly or indirectly 
to human activity that alters the composition of the global atmosphere and which is in addition to 
natural climate variability observed over comparable time periods.1

Climate change poses profound challenges for lawmakers, as physical, ecological, social and economic 
impacts of climate change will be significant and it needs to be addressed in a very cautious manner
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interference with the climate system.

. It, 
is noteworthy that climate change demands a high capacity of environmental decision making from both 
international and domestic legal frameworks.   

Admittedly, in last few decades many scholars have taken many attempts to prevent and combat the 
adverse impact of climate change in an International level. Unfortunately, we are still experiencing more 
drastic changes in global climate due to the direct involvement of human activities on environmental 
pollution. Thus, it is evident that incorporating and implementing international standards into domestic 
legal regime is very much essential to manage destructive human activities as a sensible solution. 

Therefore, the main aim of this paper is to identify the international legal framework of climate change 
and evaluate the strengths and lacunas of the current Sri Lankan legal mechanism pertaining to climate 
change issues.  

International Legal Framework of Climate change  

The United Nations Framework Convention on Climate Change (UNFCCC) in 1992 was the first universal 
convention, which identified the prevention of dangerous human 

3

                                                           
1United Nations Framework Convention on Climate Change (UNFCC), Article 1 
2 Mc Donald, Jan and C Styles , Magan, Legal Strategies for Adaptive Management under Climate Change, Journal 
of Environmental Law, 2014, p.26 
3 Before UNFCCC, The Vienna Convention for the Protection of Ozone Layer was adopted in 1985. In 1987 the 
Montreal Protocol on Substances that deplete the Ozone Layer was adopted.  

According to the Article 3 of the UNFCCC, the parties should 
protect the climate system for the benefit of present and future generations of the humankind and they 
should take precautionary measures to anticipate, prevent or minimize the causes of climate change 
and mitigate its adverse effects. 



29

So, it is notable that UNFCCC has encouraged and facilitated the binding parties to prevent dangerous 
levels of climate change by introducing effective monitoring systems. The Kyoto Protocol is one of the 
successful international agreements which linked to the UNFCCC in relating to emission reduction. The 
Protocol emphasizes the common, but differentiated, responsibilities of the states which embodied in 
Article 3 of the UNFCCC. The significant feature of the Kyoto Protocol is its three key mechanisms on 
International Emission Trading, Clean Development Mechanism (CDM) and Joint Implementation (JI).  

In addition to the UNFCCC and Kyoto Protocol, it is notable to highlight some most recent steps which 
have been taken for addressing emerging issues of the climate change. In 2007, the Bali Road Map was 
introduced for a secure climate future. The Cancun Agreements in 2012 was aimed to reduce 
greenhouse gas emissions, and to help developing nations protect themselves from climate impacts and 
build their own sustainable futures4

As a developing country, Sri Lanka cannot ignorethe fact that we are highly vulnerable to the adverse 
impact of climate change such as increases in the frequency and intensity of disasters like droughts, 
floods and landslides, variability and unpredictability of rainfall patterns, an increase in temperature and 
sea level rise among others.

. Durban Outcomes, Doha Climate Gateway and Warsaw outcomes 
are some other steps which corroborate the importance of international and domestic level contribution 
to prevent climate change.  

The global community has agreed to bridge the gap between policies and climate-neutrality before the 
end of the century in Paris Climate Conference (COP 21) in 2015. As a result, the Paris Agreement has 
come into the arena as an agreement within the framework of UNFCCC. According to the Article 2 of the 
Agreement, it is aimed to hold the increase in the global average temperature to well below 2 
Centigrade above pre industrial level through the implementation of UNFCCC. Thereby increasing the 
ability to adapt to the adverse impact of climate change and foster climate resilience and low 
greenhouse gas emission development and finally, making finance consistent with pathway towards low 
greenhouse gas emission and climate resilient development.    

Hence, it is clear that the international legal regime on climate change has developed a wide monitoring 
process and effective mechanisms forcountries by forcing them to combat against the issues of climate 
change. Particularly, the Paris agreement can be identified as a historic turning point in the goal of 
reducing global warming. 

The Scope of Climate Change Legal Regime in Sri Lanka 

5According to Sri Lanka’s National Communication to the Inter-governmental 
Panel on Climate Change (IPCC) in 2000, land use change and forestry, energy and transformation 
industries and other industries are the biggest contributors to greenhouse gas emissions in the 
country.6

                                                           
4http://unfccc.int/key_steps/cancun_agreements/items/6132.php 
5 National Climate Change Adaptation Strategy for Sri Lanka, 2011- 2016, at p.1 
6 Judges Environmental Law; A Hand Book for Sri Lankan Judiciary, Environmental Foundation Ltd, 2009, at p. 60 

Accordingly, it is apparent that there should be a strong climate change legal regime in Sri 
Lanka to combat against this global challenge. 
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Presently, Sri Lanka does not have a separate law on climate change. Even though Sri Lanka has ratified 
the UNFCCC on November 1993, due to the dualist approach of the country, international law is not 
binding as a part of our domestic law until it incorporates into domestic law through an Act of 
Parliament. However, Article 27 (15) of the Constitution of Sri Lanka imposes a duty on the State to 
respect international law and treaty obligations in its dealing among States. In Eppawala Phosphate 
Mining case, Supreme Court of Sri Lanka held that even if the international environmental law principles 
have not been incorporated into domestic law through Acts of Parliament, as a member of the United 
Nations, such principles cannot be ignored by Sri Lanka and can be made binding and become a part of 
the domestic law by adoption by the superior courts.7

In general, National Environment Act (NEA) is the umbrella legislation on environment protection in Sri 
Lanka. Under NEA, it is hard to find provisions which are directly relevant to the prevention of climate 
change, although certain provisions of the NEA can be identified as preventing mechanisms against the 
issues of climate change.  For instance, part IV B of the NEA deals with ‘Environmental quality’. It 
prohibits any person from carrying out the polluting activities listed in this part of the statute. The 
prohibited activities include polluting inland waters

 Accordingly, it can be argued that Sri Lanka 
cannot ignore the responsibility of preventing and mitigating climate change impacts imposed under the 
UNFCCC and Kyoto Protocol. 

8, atmosphere9, soil10 or the surface of any land, 
making or emitting excessive noise11 and the disposal of litter.12

Besides above statutory obligations and regulations, Sri Lankan government has developed some 
national policies and action plans relating to climate change.  National Climate change policy, National 
Climate Change Adaptation Strategy for Sri Lanka 2011-2016, National Policy on Clean Development 

 So, it is evident that, the NEA provides 
some authority to   address the issue to a certain extent.   

In addition to the statutory provisions, National Environmental (Protections and Quality) Regulations 
have been introduced to enhance the effectiveness of these legal mechanisms. Introducing emission 
standards for in-use vehicles is one of the progressive steps implemented under National Environmental 
(Air Emission, Fuel and Vehicle Importation Standards) Regulation No 1 of 2003 as amended by 
Regulations of 2008. This regulation specifies the maximum permissible amounts in the ambient air of 
pollutants such as carbon monoxide, nitrogen dioxide, ozone and sulphur dioxide and particular matters.  

Ozone Depleting Substances and Natural Environmental (Ambient Air Quality) Regulations No. 850/4 
identified and listed out the ozone depleting materials and substances which will endanger the quality of 
the environment and are prohibited in any process, trade or industry with effect from 1st January 2000. 
Also, National Environmental (Noise Control) Regulations No.1 of 1996 demarcated land into various 
zones and listed the maximum permissible noise levels for each type of those areas.  

                                                           
7Bulankulama v. Secretary, Minister of Industrial Development (2000)3 SLR 243 at 274 
8  NEA,  Sec. 23 A  
9 NEA, Sec. 23 J, K  
10NEA, Sec. 23 N 
11NEA Sec. 23 P,Q,R  
12NEA Sec. 23 S  
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Mechanism and National Strategy for Clean Development Mechanisms (CDM) are some of the policy 
decisions which have been taken for the purpose of monitoring this issue. CDM can be considered as 
one of the progressive and significant steps which proposed to implement the Clean Development 
Mechanism under Article 12 of the Kyoto Protocol. On the other hand, as a national focal point for 
UNFCCC and Kiyoto Protocol, the Climate Change Secretariat has been established under Ministry of 
Environment and Natural Resources, to fulfill the vision of “an environment conscious nation and a 
prosperous Sri Lanka with high level of resilience to global climate change". 

Thus, all the above mentioned statutory provisions, regulations and national policies directly or 
indirectly coverthe scope of climate change legal regime in Sri Lanka. However, when comparing the risk 
and vulnerability of the predicted impacts of climate change, we have a question that whether the 
existing Sri Lankan legal regime on climate change is adequate to address this ‘greatest challenge of our 
time’. 

Conclusion and Recommendations 

According to the scientific evidence, future climate change is likely to affect agriculture, marine and 
coastal eco systems, human health and risk of hunger and water availability.13

As per the Executive Secretary of the UNFCCC, “Domestic legislation on climate is the absolutely critical, 
essential linchpin between action at the national level and international agreements. It is absolutely at 
the centre.”

 So, it is evident that every 
country should tie up their laws at a stronger level to prevent and monitor the vulnerable factors and 
impacts of the climate changes. Unfortunately, in Sri Lanka we do not have a separate piece of 
legislation to extensively address the issues of climate change.  

14

                                                           
13 Judges Environmental Law; A Hand Book for Sri Lankan Judiciary, Environmental Foundation Ltd, 2009, at p. 61 
14Christiana Figueres, Executive Secretary of the UNFCCCSpeaking at the 1st GLOBE Climate Legislation Summit
London, 14 January 2013
 

Also, most notable fact is that, many state parties of the UNFCCC have already 
implemented climate change legislations into their domestic laws. For instances, UK Climate Change Act 
is one of the effective legislations which aims to reduce emissions of GHGs by at least 80% from 1990 
levels by 2050. South Korean Framework Act on Low Carbon Green Growth in 2010 is another good 
example, creating legislative framework for mid- and long-term targets, cap and trade, carbon tax and 
expansion of renewable energy.  

Accordingly, it is noteworthy that Sri Lanka is in a position to accelerate its battle against the adverse 
impacts of climate change. According to my point of view, we need a strong climate change legislation 
to incorporate the obligations attached to the UNFCCC and Kyoto Protocol, as well as the Paris 
Agreement, to fulfill that task. In that case, international environmental law principles like sustainable 
development, precautionary principle, polluter pays principle, the concept of trusteeship can be used 
extensively. Moreover, monitoring authorities should be empowered to control dangerous human 
activities like deforestations, high emissions, pollutions etc. 
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As UN secretary Ban Ki- Moon onceemphasized, “Climate change does not respect borders, it does not 
respect who you are - rich and poor, small and big. Therefore, this is what we call ‘global challenges’ 
which require global solidarity”. So, we should not wait any longer, but should get ready to overcome 
this global challenge with a strong legal regime.   
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Loss and Damage from Climate Change: The Way Forward 

Vositha Wijenayake 
SLYCAN Trust, voistha@gmail.com 

 
Loss and damage was one of the key elements that were at the forefront in the lead up to the Paris 
Agreement. The relevance to loss and damage to the issue of climate change, and the importance of 
integrating it to the sections of the Paris Agreement became a key point of the negotiations of the 21st 
Conference of the Parties (COP) of the United Nations Framework Convention on Climate Change 
(UNFCCC).  
 
However, this does not mean that mitigation and adaptation are not to be addressed. They still remain 
as key elements of the combat against adverse impacts of climate change as efforts on mitigation and 
adaptation can reduce avoidable losses and damages (Verheyen, 2012). But, in some cases losses and 
damages will be incurred despite mitigation and adaptation efforts, thus there will be some losses and 
damages that will not be avoided (Ibid).  Due to this the concept of loss and damage in the climate 
change discussions is vital.  
 
While we discuss the way to reduce the impacts of climate change, it is equally important that there are 
ways to address the impacts already felt and the losses and damages caused by the impacts of climate 
change.  This article will observe the progress made on the issue of loss and damage, and the way 
forward on the issue at the national and the international level.  
 
The Concept of “Loss and Damage” 
 
The first mentions of the concept of loss and damage came up in 1991 when Vanautu submitted a 
proposal on behalf of the Alliance of Small Island States (AOSIS) proposing the need to establish both an 
international fund to support measures to address the impacts of climate change, as well as an 
insurance pool to provide insurance against sea level rise.  
 
The proposal presented a suggestion that a funding pool for impacts felt to vulnerable countries due to 
climate change needs to be set up, for which the developed countries would be making mandatory 
contributions. This was under the principles of compensation based on the premise that the impacts of 
climate change were caused by the developed countries due to their high emissions through industrial 
development, which has caused see level rise impacting the small islands and other vulnerable 
communities. In brief, the aim of the proposal was to establish a compensation fund that would redress 
direct damage from the adverse effects of sea level rise (Linnerooth-Bayer et al., 2003). However, these 
suggestions were not incorporated to the UNFCCC.  
 
The issue of insurance which was silent during the early COPs resurfaced in COP 7 in Marrakesh when 
Decision 5/CP.7 decided to “consider, at its eighth session, the implementation of insurance-related 
actions to meet the specific needs and concerns of developing country Parties arising from the adverse 
effects of climate change”. But there was no concrete outcome that was made on the issue in the next 
COP which was held in Delhi.  
 
The term “loss and damage” was introduced to the UNFCCC process in COP 13, where the Bali Action 
Plan was created.  Article 1c of Decision 1/C.P 13 calls for enhanced action on adaptation including: 
“Disaster risk reduction strategies and means to address loss and damage associated with climate 
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change impacts in developing countries that are particularly adverse to the impacts of climate change.” 
[UNFCCC, (2008). 
 
From Bali to Cancun, the negotiations on the concept of loss and damage progressed. COP 16 in 2010, 
established a work program to consider approaches to address loss and damage in developing countries 
particularly vulnerable to the impacts of climate change (UNFCCC, 2011a). The programme was divided 
into three key areas which included firstly assessing the risk of loss and damage associated with the 
adverse effects of climate change and the current knowledge on the same, secondly a range of 
approaches to address loss and damage associated with the adverse effects of climate change, including 
impacts related to extreme weather events and slow onset events, taking into consideration experience 
at all levels and as the third the role of the Convention in enhancing the implementation of approaches 
to address loss and damage associated with the adverse effects of climate change [UNFCCC, (2011b).  
 
The Warsaw International Mechanism on Loss and Damage 
 
COP 19 of the UNFCCC held in Warsaw saw the establishment of the International Mechanism on Loss 
and Damage. Days after Typhoon struck his homeland Naderev (Yeb) Sano, the head of the Philippine 
delegation, made an impassioned plea for swift action to address climate change at the opening plenary 
of COP 19 in Warsaw (Vidal and Vaughan, 2013). And after two weeks of negotiations, the decision 
reached in COP 19 provides that “loss and damage associated with the adverse effects of climate change 
includes, and in some cases involves more than, that which can be reduced by adaptation” (UNFCCC, 
2014).  
 
The WIM was established to promote “implementation of approaches to address loss and damage 
associated with the adverse effects of climate change…in a comprehensive, integrated and coherent 
manner”. The preamble of the Warsaw decision on loss and damage highlights the “contribution of 
adaptation and risk management strategies towards addressing loss and damage associated with 
climate change impacts”) and “that loss and damage… in some cases involves more than that which can 
be reduced by adaptation”.  
 
The initial two-year work plan for the Warsaw International Mechanism (WIM) was approved at COP 20 
in 2014 and outlines the activities that the Expert Committee on the WIM ExComm will coordinate in 
2015 and 2016. This consists of nine action areas, and has multiple activities described within each.  The 
activities will be initiated as early as January 2015, and continue to December 2016, whereby in COP 22 
in 2016 a five-year rolling work-plan will be considered on the work of the WIM.  
 
When summarized, the 9 areas of work listed out for the WIM consists of focusing on vulnerable 
populations, risk management, slow onset events, non-economic loss and damage, capacity building and 
coordination, migration, displacement and human mobility, financial instruments to address loss and 
damage, involving other organisations working on loss and damage, and finally the five year rolling plan.  
 
Loss and Damage in the Paris Agreement 
 
In Paris, at the COP21, Parties agreed on loss and damage being considered as a separate element of the 
Agreement and not being merged with adaptation, as it was previously done. Article 8 of the Paris 
Agreement provides that, “Parties recognize the importance of averting, minimizing and addressing loss 
and damage associated with the adverse effects of climate change, including extreme weather events 
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and slow onset events, and the role of sustainable development in reducing the risk of loss and 
damage.” 
 
Further it focuses on the WIM, and provides, “The Warsaw International Mechanism for Loss and 
Damage associated with Climate Change Impacts shall be subject to the authority and guidance of the 
Conference of the Parties serving as the meeting of the Parties to the Paris Agreement and may be 
enhanced and strengthened, as determined by the Conference of the Parties serving as the meeting of 
the Parties to the Paris Agreement” 
 
The Agreement provides that “Parties should enhance understanding, action and support, including 
through the Warsaw International Mechanism, as appropriate, on a cooperative and facilitative basis 
with respect to loss and damage associated with the adverse effects of climate change”. The areas of 
cooperation and facilitation to enhance understanding, action and support were identified as (a) Early 
warning systems; (b) Emergency preparedness; (c) Slow onset events; (d) Events that may involve 
irreversible and permanent loss and damage; (e) Comprehensive risk assessment and management; (f) 
Risk insurance facilities, climate risk pooling and other insurance solutions; (g) Non-economic losses; (h) 
Resilience of communities, livelihoods and ecosystems.  
 
It was further agreed that the WIM “shall collaborate with existing bodies and expert groups under the 
Agreement, as well as relevant organizations and expert bodies outside the Agreement.” 
 
Further paragraphs 48–52 (Loss and Damage) of Decision -/CP.21 (The COP,)  provide that the COP 
decides on “the continuation of the Warsaw International Mechanism for Loss and Damage associated 
with Climate Change Impacts, following the review in 2016,” and “requests the Executive Committee of 
the Warsaw International Mechanism to establish a clearinghouse for risk transfer that serves as a 
repository for information on insurance and risk transfer, in order to facilitate the efforts of Parties to 
develop and implement comprehensive risk management strategies.”  
 
In what is considered as a drawback for most developing countries paragraph 52 “agrees that Article 8 
of the Agreement does not involve or provide a basis for any liability or compensation,” which has led 
many to question the progress made in gaining compensation for losses and damages resulting from 
climate change. Had the developing countries paid a high price in agreeing to this wording, in order to 
succeed in getting loss and damage considered as a separate element of the Paris Agreement? 
 
Loss and Damage: Sri Lankan Initiatives 
 
In Sri Lanka’s Intended Nationally Determined Contributions (INDCs), submitted to the UNFCCC in 
October 2015, the country has included as one of its INDCs; one of loss and damage. According to the 
National Disaster Relief Centre the total relief expenditure for the period of 2007-2011 in Sri Lanka was 
LKR1, 786 million which is around US$12.94million that is based on a calculation that does not include 
damage to infrastructure, allocated from the national budget. According to an integrated post flood 
assessment conducted by the Disaster Management Centre of the Ministry of Disaster Management Sri 
Lanka in 2010, the total flood related damages and losses were calculated at approximately US$ 38.46 
million. Further, the on-going post disaster needs assessment has highlighted the sector wise damage 
and loss in key sectors being approximately LKR 90 billion which is about USD 620 million.  
 
The INDCs of Sri Lanka on loss and damage include, among others, improving of forecasting capabilities, 
enhancement of the existing automated observational network, implementation of lightning detection 
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network, improvement of numerical weather prediction capacity with data assimilation, improvement 
of weather forecasting capabilities, analysis of total loss and damage of climate induced disasters from 
year 2000 and the gap not compensated/recovered.  
 
The INDCs further include the country taking actions to contribute to the discussions of the WIM, and 
making recommendations as well as establishing a local mechanism in line with WIM at the national 
level.  
 
Conclusion 
 
While the outcomes of the Paris Agreement are seen as victories when discussing the way forward in 
addressing losses and damages caused due to climate impacts, one needs to realise that these are 
merely the first steps of a longer process. There remains a vast amount of work to be done, and finances 
mobilised to address the loss and damage of climate impacts. One of the key issues we need to discuss 
in the coming years, will be how the WIM could contribute to the national level mechanisms as 
proposed by the INDCs of Sri Lanka, and also finding out how national mechanisms could contribute to 
making the WIM at the international level a more effective and efficient, as well as a mechanism that 
represents the ground realities faced by those at the forefront of climate impacts, and with increased 
vulnerabilities.  
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Climate Change and El Nino 
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Within our lifetimes, the most dramatic phenomenon linked to climate change is the anomalies in the 
Pacific Ocean known as the El Nino Southern Oscillation, dubbed as ENSO (Cane 2004). This 
phenomenon has been taking place even as far back as 10,000 years ago during the Holocene period 
(Outavas et al. 2006). However, the El Nino did not receive much public attention until 1997-98 when 
Peru and Ecuador experienced heavy floods, Indonesia and Australia faced ghastly droughts and 
Southeast Asia had to shut down some of their airports due to the thick clouds of smoke arising from 
forest fires in the region.   

In Spanish, ‘El Nino’ directly translates as “The Little Boy” referring to the ‘Christ Child’ as this 
phenomenon usually occurs during Christmas time. The seasonal arrival of warm water in the Pacific 
Ocean during the month of December prompted the South American fishermen to call it El Nino. El Nino 
and La Nina (‘Little Girl’) are opposite phases of the ENSO cycle which describes the variations in 
temperature between the ocean and atmosphere in the Equatorial Pacific.  El Nino is the warm phase 
while La Nina is the cold phase of the ENSO.  

An upwelling or upward movement of ocean water can mix upper levels of seawater with lower levels 
bringing cool and nutrient rich water from the bottom of the ocean to the warmer surface where it 
supports large populations of phytoplankton, zooplankton, fish and fish-eating seabirds. Every few years 
normal upwelling in the Pacific Ocean is affected by ENSO. During an ENSO, the prevailing winds, called 
trade winds, blowing east to west weaken. This allows warmer waters of the Western Pacific to move 
towards the Western coast of South America which suppresses the normal upwellings of cold nutrient-
rich water.  
 
This leads to a disruption of the marine food chain. Warm waters send fish to cold deep water. The seals 
are left to suffer as they are deprived of their food source. Similarly fishing economies of countries like 
Peru and Euador also dwindle as a result of this.  
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Let us have a look at how climate change relates to the above mentioned phenomenon. Climate change 
refers to any significant change in the measures of climate lasting for an extended period of time. It 
includes changes in the atmospheric temperature, precipitation and wind patterns. One of the 
contributing factors to climate change is global warming. The ongoing increase in the average global 
temperature at the earth’s surface is caused by an increase in the amount of greenhouse gases, such as 
carbon dioxide (CO2), in the atmosphere.  

A rise in global temperatures leads to an increase in sea surface temperatures thereby facilitating the El 
Nino phenomenon. The relationship between El Nino and climate change is somewhat cyclic. Oceans act 
as carbon sinks; i.e.they capture and store carbon as dissolved CO2. Carbondioxidedissolves more readily 
in colder waters. During El Nino there is an increase in sea surface temperatures. This causes less CO2 to 
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be dissolved in the oceans. As a result there is more CO2 in the atmosphere which causes global warming 
and this inevitably leads to climate change. Bush fires which occur as a result of the El Nino effect 
release large amounts of CO2 which again leads to global warming.  

ENSO is one of the most important phenomena related to the global climate. This is because of its 
impact on the atmospheric circulation which ultimately leads to variations in temperature and 
precipitation. The equatorial Pacific climate behaves as a ‘coupled system’. This is because the state of 
the ocean and the state of the atmosphere depend on each other.  

El Nino events are increasing in both intensity and frequency, resulting in increased extreme weather 
events.  In the recent past, Sri Lanka has experienced very hot weather, with certain regions reaching 
record temperatures, and we have also had very high precipitation.  These extreme events would cause 
severe damage to agricultural crops thereby depriving farmers of a stable income. Fishermen would also 
face a grave situation when heavy precipitation prevents them from going to sea. Natural disasters such 
as floods and landslides would become more frequent leading to loss of lives and property, as we saw 
very recently. Other consequences include spread of diseases, road obstructions, hike in food prices and 
damage to infrastructure. 

Climate change cannot be prevented, but its impacts can be reduced. It is time we became more 
environmentally conscious because there may come a day when the climate may change so drastically 
that this planet would no longer be habitable.  
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The El Niño event of 2015/16 in Sri Lanka 
Predictions, Preparedness, Communication and Impacts 

 
Lareef Zubair, Zeenas Yahiya, Prabodha Agalawatte, and Ruchira Lokuhetti 

Foundation for Environment, Climate and Technology (www.climate.lk ) 
Digana Village, Kandy, Sri Lanka. 

Historical El Niño Impacts in Sri Lanka 
El Niño has significant impacts on rainfall, temperature, wind and associated climatic features. There 
have been many studies over the last two decades to establish clear impacts on the climate by various 
authors(Rasmusson E.M. & Carpenter T.H. (1983); Ropelewski C.F. & Halpert M.S. (1987); Fernando T.K., 
Jayatillake Banda P.M. & Chandrapala L. (1995); Suppiah R. (1996); Kane R.P. (1998); Punyawardena 
B.V.R. & Cherry N.J. (1999); Malmgren et al. (2003); Zubair et al. (2008 & 2010); Journal from the Sri 
Lanka Department of Meteorology (2016). There are discernible and documented impacts on Sri Lanka’s 
water resources, hazards including drought, landslides, floods; and on agriculture, health and coral 
reefs. Among them floods, droughts, landslides, cyclones, storm surges and coastal inundation are more 
common (Zubair, 2004a). Water borne diseases and those that are affected by water availability for 
transmission such as malaria and dengue, are concerns.   

El Niño influences within Sri Lanka are not as straightforward as in other regions as they vary from event 
to event, by region, by decade and season. In particular, the El Niño influences on rainfall changes by 
season with more rainfall in May, and October to December and less in June to August, and January to 
April. The temperature remains warmer during all seasons during an El Niño event. El Niño influences 
are considerably modulated by Madden Julian Oscillation, Indian Ocean Dipole and warming Indian 
Ocean conditions.  It is important to note that there have been recent major droughts and floods which 
did not coincide with El Niño.  

All of this makes the communication of El Niño information quite challenging. What is needed is a high 
degree of nuance; informed and careful interpreters and continuous updates based on monitored 
conditions and updated predictions.  

In spite of these challenges, if one looks at past history, there is considerable information in an El Niño 
which should be communicated. For example:there is a higher chance of bad droughts and floods 
occurring due to El Niño (this depends very much on the rainfall in May). Rainfall in May is highly 
variable and this can either lead to ameliorate the dry conditions that have built up or to a 9-month dry 
spell until August.  Again, there are also many bad droughts, which are not due to El Niño. Indeed during 
the 2015/2016 event, the rainfall behaved very much as expected – and the temperature was warmer as 
expected but much more than in the past. El Niño provides clearer and reliable predictions related to 
land and sea temperatures.  
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National Preparedness 
Sri Lanka is emerging from three decades of conflicts and terrorism. This affects the resources allocated 
to infrastructure, community trust in government in some regions, the level of scientific advance and 
the unregulated private construction, all of which affect social and environmental vulnerability. 
Population rise from 10 million (1960) to 20 million (2014) has also pushed more and more people into 
vulnerable locations which are prone to flood, landslide or coastal inundation.  

National preparedness for El Niño is within the umbrella of the Ministries in charge of Disaster 
Management, Water Resources, Science and Technology and Agriculture. These Ministries do not 
coordinate the action related to El Niño, although, the Departments under them may share the 
information. The Department of Meteorology is in charge of climate predictions in Sri Lanka and 
communicating authoritative information, but progress has been slow in adopting prediction methods 
(Zubair, 2002, 2004b) until the recent decade.Motivated individuals in other Departments also pay 
attention to El Niño events and to climate variability in general. During the 2002 event, communication 
about the El Niño and likely impacts were provided by the Department of Agriculture to their field 
officers. 

There are no dedicated funds for El Niño preparedness from national resources. The Disaster 
Management Agency, the Department of Agriculture and the Department of Meteorology have ongoing 
funding to deal with climate variability.There has not been a coordinated response to El Niño since the 
abortive attempt in 1997 led by the Ministry of Science and Technology. The recent event was no 
different.   

El Niño Impact Predictions for Sri Lanka 
The Department of Meteorology relies on Global Forecast Centers (the WMO, ECMWF, IRI and others) 
for El Niño predictions; and its officers participate in the South Asia Climate Outlook Forum (SASCOF) 
which has been recently active. The SASCOF of April 2014 predicted a dry tendency for the Southwest 
(summer) monsoon over Sri Lanka. In April 2015, The SASCOF of 2015 predicted a drier tendency for 
most of Sri Lanka except in the Northern region, which had a near-normal tendency. The SASCOF held in 
October 2015 predicted wetter conditions for October and November, and normal conditions 
thereafter.  

The Department of Meteorology does provide month ahead predictions which are not disseminated 
widely.  In addition, the global prediction centers are not that skilled in predicting the climate in the 
Indian Ocean rim, particularly, in regions that have both wet and dry seasons. Thus the climate models 
from Global Forecast Centers do not represent the dynamics in the Indian Ocean too well. The Indian 
Ocean is particularly consequential for Sri Lanka.   

The Foundation for Environment, Climate and Technology (FECT) provides seasonal statements to water 
managers, and via social media (fectsl.blogspot.com @fectlk, and facebook.com/fectsl). Both these are 
limited efforts.  

In general, apart from newspaper reports, no preparatory actions have been reported since the 
communication failures for the 1997-98 El Niño.  The reports in the Sinhala and Tamil media are even 
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less than in the English media, although, it is through these languages that the majority of the country is 
reached. The official communications and warnings from the Department of Meteorology remain only in 
Sinhala and English with little in Tamil.   

Climate during the El Niño event  
Overall in Sri Lanka, the rainfall for 2015/2016 climate followed that of historical norms, with increased 
rainfall in May, and October to December and decreased in other months, and increase temperature in 
all months.  There was flooding in 2014.  The rice cultivation was not affected in the 2015 Yala season 
(April to September) because of the high rainfall in May 2015. (Figure 1). 

 

 

Figure 1: This analysis is based on results presented in Adhikari et al (2010) and Zubair et al., (2008). All Sri Lanka 
rainfall (SLR) has been constructed using the average from 15 well distributed rainfall stations. The average 
monthly rainfall climatology for Sri Lanka during El Niño (red line), Neutral (green) and La Niña (blue) is shown 
along with SLR (dashed black line) from Jan 2014 to June 2016 for comparison. The El Niño episode appeared briefly 
in mid-2014 and subsided later on. A fresh El Niño event started in May 2015. (Image source: FECT). 

The strongest climate impact from El Niño in Sri Lanka is due to rising temperatures. Sri Lanka was much 
warmer during the 2015/16 El Niño than what is usually observed during an El Niño. (Figure 2). The rise 
in Indian Ocean sea temperatures was responsible. 
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Figure 2: This analysis is based on results presented in Zubair et al. (2016, in draft). All Sri Lanka temperature (SLT) 
has been constructed using the average from 15 well distributed temperature stations. The average monthly 
temperature climatology for Sri Lanka during El Niño (red line), Neutral (green) and La Niña (blue) is shown along 
with SLT (dashed black line) from Jan 2014 to June 2016 for comparison. (Image source: FECT). 
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Figure 3: Quarterly seasonal precipitation anomalies for Sri Lanka for 2015 to Mid-2016.  Top Row - Rainfall 
departures from historical averages (anomalies) for January-March (late Maha), April-June (early Yala), July-
September (late Yala) for 2015.   Bottom Row - October-December 2015 (early Maha), and January-March (late 
Maha), April-June (early Yala) for 2016. The historical average rainfall was calculated for January 2001-2016. 
(Image source: FECT).
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There is much regional and seasonal variation in El Niño influences as seen in the above maps. Some of 
theseconditions are expected from the historical averages and could have been anticipated – but not all. 
There are events such as the cyclonic events of May 2016 that overwhelm the modest departures 
expected due to El Niño alone.  

Communication via the Mass-Media 
There was quite a keen sense of awareness of drought hazards during this El Niño; thus there was great 
interest in the media in relation to causes that can be explained, and the sensitivity to climate 
anomalies. As much as the El Niño event this led to a hunger for climate related articles from news 
outlets. 

Due to past failures in predicting impacts in Sri Lanka and in communicating them, concerns over levels 
of uncertainty hold back robust communication and action based on El Niño predictions. For example, 
during the 1997-98 El Niño, drought was predicted and communicated in Sri Lanka without any nuance 
about seasons. This resulted in the wrong mitigation action taken, such as growing chilies and not 
harvesting tea. In the ensuing wetter than normal conditions in 1997-98, there were massive losses in 
agriculture due to poor communication.  

There were occasional reports on the El Niño for Sri Lanka in the media starting in 2014 which reported 
incidentally on the El Niño that were taken from statements of the officials from the Department of 
Meteorology during their media briefings which did not contain substantive communication of El Niño 
impacts for Sri Lanka.  

Given the reticence amongst scientists to communicate the complex nature of El Niño evolution and its 
impacts, others have filled in the space.  There were articles about the El Niño in the middle of 2014 in 
the national newspapers warning of an El Niño and drought impacts (Pathfinder Foundation of Colombo 
(2014)). This warning was a false alarm and even as the El Niño event died out, the warning was not 
updated. This sort of one-off warning by non-scientists and through the media brought back the specter 
of mal-communication of El Niño as in 1997.  

News coverage did not report on the understanding of El Niño impacts on climate, and on socio-
economic activities but simply warned of dire outcomes.Overall, if the media coverage is taken as a 
whole, the average person would have obtained confusing information which would not have helped 
with preparedness or mitigation actions. 

Impacts of the 2015/2016 El Niño 
During the El Niño event, the incidence of dengue rose in mid-2016 after dropping substantially in 2015; 
tea production dropped; there were floods in May 2016; rice production increased for the Yala of 2015; 
hydropower production was consistently higher than usual, there was coral bleaching particularly in the 
South-West. There is the signature of El Niño in these impacts which needs to be carefully teased out – 
so as to be better prepared in the future.  
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Introduction 
Climate variability and change directly affects the livelihoods, welfare and security of communities. 
Extreme weather events such as high intensity rainfall, flash floods and landslides, and extended dry 
periods resulting in water scarcity are becoming more common (Climate Change Secretariat, 2013).    
Climate information can play a crucial role in national development planning, for managing risks. Timely 
communication of climate information helps to mitigate adverse impacts.  

Climate services are the dissemination of climate information to the public or a specific user. They 
involve strong partnerships among providers for the purpose of interpreting and applying climate 
information for decision making, sustainable development, and improving climate information products, 
predictions, and outlooks. 

The Foundation for Environment, Climate and Technology (FECT) has produced weekly climate 
advisories for Sri Lanka for the Water Management Secretariat (WMS) of the Mahaweli Authority of Sri 
Lanka (MASL)since 2008 based on a decade of research. This hydro-climatic advisory has been 
developed as the outcome of a collaborative research project on producing useable climate information 
for water resources management in a decade-long collaboration between MASL and the International 
Research Institute for Climate and Society (Zubair, et al., 2003).  

The WMS convenes a multi-institutional panel (Department of Irrigation, Ceylon Electricity Board, 
Mahaweli Authority, National Water Supply and Drainage Board) for water management and this panel 
has been provided a weekly bulletin for its review over the last five years. The bulletin provides daily, 
dekadal (10-day) and monthly satellite derived estimates for monitored rainfall, wind and temperature 
observations and weekly Sea Surface Temperature anomalies.  

Local and International Collaborators for the Weekly Hydro-Meteorological Advisories  
This weekly report incorporates inputs from Sri Lanka Department of Meteorology, India Meteorological 
Department (IMD), the International Research Institute for Climate and Society (IRI), the National Center 
for Environment Prediction (NCEP) of National Oceanic and Atmospheric Administration (NOAA) 
Australian Bureau of Meteorology, and Asia Pacific Climate Center. 

Monitoring of Rainfall, Temperature, Wind and Sea Surface Temperature  
The monitoring section of the report comprises daily satellite derived rainfall estimates (Figure 1-Left), 
monthly rainfall estimates (Figure 1-Middle), dekadal (10 day) satellite derived rainfall estimates (Figure 
1-Right), and weekly average Sea Surface Temperature anomalies (Figure 2). 
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Figure 1: Daily satellite derived rainfall estimate for 4th March 2015 (left), Monthly rainfall estimate for September 
2016 (middle) and dekadal (10 day) satellite derived rainfall estimate for the period of 21-30 May 2016 (right) 
(Image Source: FECT) 

Daily satellite derived rainfall estimates for previous week (i.e. last 7 days) are presented in this advisory 
in a gridded map format that helps the reader identify where rainfall occurred in the previous week. 
Monthly rainfall estimates the total rainfall in the previous month in the country as well as the rainfall 
anomaly (whether rainfall in each region is above or below average).Dekadal (10 day) satellite derived 
rainfall estimates elaborates the cumulative rainfall received approximately for previous 10 days in Sri 
Lanka. Using these figures, an overall picture of the rainfall conditions in the previous month is given to 
the reader. 

The average minimum and maximum temperature conditions, wind direction and speed in the previous 
week are also given. Weekly average sea surface temperature (SST) anomaly map is provided as it is 
useful in its own right and also helps predict rainfall, temperature and wind based on El Niño/ La Niña 
conditions and Indian Ocean dynamics. 
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Figure 2: Weekly average Sea Surface Temperature anomalies for 17th-23rd February 2013 

 

This includes what conditions are likely in the coming week using weekly predictions from Indian 
Meteorological Department (IMD), National Oceanic and Atmospheric Administration (NOAA) and 
seasonal predictions from International Research Institute for Climate and Society (IRI), European Center 
for Medium Range Weather Forecast (ECMWF) and APEC Center. These predictions are up to 3 days to 3 
months ahead from various agencies and climate models. A 30-day prediction by Paul Roundy of the 
State University of New York, Albany and Lareef Zubair (Zubair, et al., 2015) (Figure 3). This prediction is 
based on observed cloud cover and atmospheric waves. These predictions are for the entire country 
including separate figures for 6 regionals (i.e. Northern, Southern, Eastern coast, Eastern slopes, 
Western coast and the Western slopes).  These predictions were found to be skillful for up to a lead time 
of 6 days (Zubair and Agalawatte, 2012)   
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The development transition of Sri Lanka from lower-middle income to upper-middle income reflects the 
shrinking of agricultural sector against industrial and service sectors. However, the Gross Domestic 
Product (GDP) of the country is still being significantly contributed by agricultural sector.  The recent 
studies have revealed that more than seventy five percent (75%) of the country is considered as rural 
where agricultural sector is predominant (CBSL, 2013).  Tea small holding sector is the backbone of rural 
commercial agriculture, especially in Kalutara, Rathnapura, Galle and Matara districts which recorded 
exponential growth in tea smallholder sector during last two decades due to favorable incentives given 
by successive governments.  

Though tea smallholder sector is such a leading economic contributor in the current context, its 
emergence was recorded in first decade of the twentieth century and it developed slowly as subsistence 
farming families within the vicinity of commercial plantations (Sivapalan and Nalini, 2009).The 
information on census of 1983 has reflected that the sector has achieved a considerable expansion but 
is still performing at a poor rate due to lack of technical support, poor facilities for the transportation of 
green tea leaves and unavailability of an adequate number of processing factories.  The establishment of 
Tea Smallholding Development Authority (TSHDA) in 1975 was the turning point of the sector's 
development up to current status by addressing most of the above mentioned issues at reasonable 
standard (TSHDA, 2012).  The remarkable development of tea smallholding sector compared to the large 
plantations has challenged the validity of the conventional theory of Economics of Scale. As viewed by 
Wickramasinghe and Cameron (2003) though tea smallholding sector adopts a poor economic scale in 
terms of size of lands and number of labour units compared to estate plantations, it succeeded in 
achieving higher economic gains by contributing a higher proportion of output reflected as seventy 
three percent (73%) of national tea income in 2013.  

According to the agricultural experts, climate change adaptation is the main challenge in future. Since 
productivity of agriculture depends on soil and climate, the climate change consequences such as 
rainfall variations, temperature rise and increased carbon dioxide concentrations have significant impact 
on productivity. Small holder tea lands face a number of negative impacts due to above mentioned 
climate change consequences related to carbohydrate assimilation, respiration, evapo-transpiration, 
pest and disease infestation, drought, flood, soil erosion and soil degradation.  It should be emphasized 
that possible adaptation packages against above mentioned climate change consequences need to 
include rainwater harvesting techniques, shade trees planting and irrigation systems development, 
simultaneously with other different agronomic practices to ensure reasonable results.  However, tea 
smallholders are facing continuous rising of labour cost and other inputs which ultimately deteriorate 
their re-investment capacity on their own plantations.  
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This situation has been further aggravated by unstable prices for their green tea leaves which remained 
around 50 rupees per kilo on average for the past few years.   

As per the calculations of Tea Research Institute(TRI) the production cost of one kilogram of tea is 
around 43 rupees by which tea smallholders could generate around 7 rupees profit margin per kilogram 
of green leaves. The study on effectiveness of smallholder tea cultivation as a sustainable livelihood in 
Kalutara district (Bandula, 2012) has revealed that the higher significant percentage of small holder 
farmers consider the industry as their main livelihood. Thus, the research has further revealed the poor 
diversity of livelihood options in tea smallholder families and poor commitment shown by them to take 
some practical initiatives towards livelihood diversification. This situation has forced them to use the 
limited profit from the industry to address their typical family needs rather than to invest sufficiently 
against the adverse impacts of climate change on their tea plantations.  

It is emphasized that strong policy decisions are needed to motivate tea smallholders to adequately 
adapt to the climate changes and related challenges. Introduction of innovative and cost effective 
adaptation strategies aligned with their rural resource bases may be a strong practical adaptation in this 
regard. It is compulsory to keep the industry sustained for another few decades where four hundred 
thousand (400,000) rural families manage their livelihood while making a significant contribution to the 
national economy of Sri Lanka.     
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Being the most productive brackish water body of the country, Negombo Lagoon plays a vital role in 
subsistence lagoon fishery of Sri Lanka. The lagoon mouth or the sea entrance is the anchorage for over 
3000 sea-going fishing crafts of different type and size. Munnakkarai, one of the islets of the unique eco-
geographic islet complex, which consist thirteen islets at the marine entrance, is a densely populated 
semi-urban human settlement. Three other islets are also already inhabited by fisher folks while the rest 
remain as mangrove forest covers. In essence, the Negombo lagoon provides many goods and services 
to the riparian community and the area of the lagoon mouth is well-known as the most important 
fisheries hub of the country. A unique fishing method, called Stake Net or Kattu Del operates at the 
canal systems to catch seaward moving shrimp by three traditional families, is a lucrative business in 
existence over several centuries.  

Apart from socio-economic uses 
such as fisheries and housing 
for fisher folks, this unique islet 
complex plays a significant 
ecological role as a breeding, 
spawning and nursery grounds 
for many aquatic organisms 
including fin-fish and shell-fish. 
Several in-situ problems such as 
pollution, water quality 
degradation, sedimentation, 
habitat alteration and societal 
problems have been 
aggregated in this islet complex. 

Nevertheless, the most insidious issue of the 21st century, the climate change and the subsequent sea 
level rise and its effects on this significant venue was still not been identified properly. According to 
global scale studies which have been conducted so far in the context of climate change driven sea level 
rise, it has been revealed that Sri Lanka lies on a vulnerable region. The climate change driven sea level 
rise is a result occuring by the expansion of oceanic water molecules and melting of polar and non-polar 
ice caps owing to the rising of global atmospheric temperature. Being a coastal state responsible for a 
coastline of more than thousand kilometers, Sri Lanka is at risk of losing specific coastal locations 
including the marine entrance of the Negombo lagoon, in terms of ecology and socio-economic benefits.  

Figure 1: A Google Earth image of the islet complex at Negombo Lagoon sea entrance. 
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A recent study conducted by Uva Wellassa University on the effects of global climate change driven sea 
level rise in the Indian Ocean on Negombo lagoon marine entrance by using three sea level rise 
scenarios developed based on Representative Concentration Pathways (RCPs) of Intergovernmental 
Panel on Climate Change (IPCC), found that 18.2% 27.5% and 42.2% of the periphery of the Munnakkarai 
island will be inundated under thee inundation scenarios (I: 0.28 m, II: 0.53 m & III: 0.98 m) respectively, 
while displacing human settlements and commercial premises by the end of this century. With respect 
to ecosystems, the elimination of mangrove forest due to the inundation of pneumatophores by year 
2100 will be 79.7%, 99.2 % and 100% under the three sea level rise scenarios respectively.  

Representative Concentration Pathways (RCPs), are a set of four new pathways developed for the 
climate modeling community as a basis for long-term and short-term modeling by the 
Intergovernmental Panel on Climate Change. There are four representative concentration pathways: 
RCP8.5, RCP6, RCP4.5 and RCP2.6. The focus of the three scenarios developed during the study was to 
cover the most probable sea level rise cases, which may occur by the year 2100 in an acceptable 
manner. Scenario I was selected as the most acceptable rise of sea level, which was described by the 
lower limit of RCP 2.6, can occur under the lowest GHG emission rates. Scenario III was selected as the 
worst case of sea level rise, which may occur due to the highest emission GHG rate of RCP 8.5 whereas, 
Scenario II was a mid-value of sea level rise lying between the most fortunate and worst case scenarios. 

It is expected that the results of this study would become an eye opener to the climate change policy 
arena of the country in order to adapt the communities in this fisheries hub for future changes. Shifting 
from multidiscipline to inter-discipline is a need in novel approaches for such studies, in order not only 
to gain effective results in the context of research but also to be effective and efficient in dissemination, 
adaptation and policy development.  

 

Figure 2: Inundations patterns for the three relevant scenarios 
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yß;uh f,djla ;=< Ôjh ;yjqre lr.ekaug 
tlafjuq 

fgla,d pdkaokS is,ajd 

 
jir .Kkdjla mqrd f.da,Sh foaY.=‚l rgdjka ys isÿ jQ 

wys;lr fjkialï" foaY.=‚l úm¾hdi hkqfjka 

úoHd{fhda úiska y÷kajkq ,n;s' ñksidf.a úúO 

l%shdldrlï fya;=fjka jdhqf.da,Sh ldnka vfhdlaihsâ 

m%Odk fldg.;a fiiq yß;d.dr jdhQ idkaøK by< hdu" 

mDÓú jdhqf.da,h WKqiqïùu fõ.j;a lr 

;sfí' tys wys;lr n,mEï jk .a,eishr 

iy ysu jeiau Èhùu" uqyqÿ uÜgu by< 

hdu" kshÕ yd ,eõ.sks ;;a;ajhka" 

Odrdksmd; j¾Id iy l=Kdgq ;;a;ajhka" 

frda. yd jix.; jHdma;sh" .xj;=r 

we;sùu wdÈh Èfkka Èk by< hñka 

mj;S' fuu fjkialï mDÓúfha jdih 

lrk ish¨ Ôúkaf.a Èúmeje;aug n,mdk 

w;r wdydr iqrlaIs;;djh" ffcj 

úúO;ajh wdrlaIdlr .ekSu iy wd¾Ólh 

mj;ajd .ekSug o wNsfhda.hla njg m;aù 

yudrh' 

2014 j¾Ifha uq, Nd.fha § foaY.=K 

úm¾hdi ms<sn| wka;¾ rdcH uKav,h 

ksl=;a lrk ,o jd¾;djlg wkqj" —úúO 

ñksia l%shdldrlï fya;=fjka jdhqf.da,h 

WKqiqïùu fkdje,elaúh yels nj;a 

tu.ska we;sjk foaY.=K fjkiaùï iSud lsÍug kï yß;d.dr jdhq úfudapkh wju l< hq;= nj;a˜ olajd 

we;' 

jdhqf.da,fha meje;sh hq;= ldnka vfhdlaihsâ m%udKh idudkHfhka jdhq fldgia oi ,laIhlg ldnka 

vfhdlaihsâ fldgia 200-300 w;r m%udKhla úh hq;= kuqÿ j¾;udkfha th jdhq fldgia 400 la blaujd 

f.dia we;' fï u.ska yß;d.dr wdprKh ;Sj% ù ;sfí' th foaY.=‚l úm¾hdi m%n, lrjk m%Odk 

idOlhhs' 

iajdNdúl fya;+ka u; ldnka vfhdlaihsâ jdhq f.da,hg tla ùfï m%K;djh wju jQj;a fmdis, bkaOk 

oykh yd jk úkdYh u.ska jdhQf.da,Sh ldnka vfhdlaihsâ marudKh úYd, jYfhka by< kexù we;s 

nj wkdjrKh ù we;' yß;d.dr jdhq úfudapkh yd jdhqf.da,h WKqiqïùu;a foaY.=K úm¾hdi ms<sn|j 

yd tu.ska we;sjkakd jQ n,mEï ms<sn|j ;a f,dj úoHd{hskaf.a wjOdkh fhduq jkakg mgka .;af;a 

1980 oYlfha §h' tys m%;sM,hla f,i foaY.=K úm¾hdi u.ska we;s jk n,mEï wju lr.ekSug yd 

j<lajd .ekSug wjeis mshjr .ekSu i|yd 1992 § tlai;a cd;Skaf.a ueÈy;a ùfuka wka;¾cd;sl 

tlÕ;djhla i|yd idudðl rgj,a úiska w;aika ;eîu isÿ úh' iïuq;sfhys md¾Yjlrejka úiska 1995 

jif¾  isg jd¾Islj mj;ajkq ,nk cd;Skaf.a iuq¿j, § ^Conference of Parties& foaY.=K úm¾hdi 

ms<sn| jev lghq;=j, m%.;sh ksr;=rej úuid n,k ,§' 

Sri Lanka UN-REDD Programme 

 
ෙඩෝලර්තඋසු්ුමෙහ්ුෙවු ්ක්බු ෙරාබයයව්ුොු්ුයන්ඩ්ර්ු්්ු්ෙුන්
එලලු ්බලිපු 
මල්්ශරබර්: ්්ෙෆේයශබබ්් ු, REDD+්්ශර්්ලලක්්ුෙ යසු  

 
ආද්ු්ාුෙන්ද්රකදුර 
මල්්ශරර්- REDD+්්ශර්්ලලක්්ුෙ යසු  
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1997 meje;s lsfhdaf;da iuq¿j u.ska ixj¾ê; rgj,g Tjqkaf.a yß;d.dr jdhq úfudapkh wju lsÍug  

—ffk;sl ne£ula˜ we;s lr.kq ,eîh'  

2010 jif¾ meje;s lexl=x iuq¿fõ tlÕ;dh u.ska wkd.;fha jdhqf.d,h WKqiqïùu ld¾ñl úma,jhg 

fmr meje;s uÜgug idfmalaIj wxYl 2 lg wvqfjka mj;ajd .ekSug tlÕjk ,§' foaY.=K úm¾hdi 

ms<sn| ffk;sl rduqjlg ish¨ cd;Skaf.a iyNd.s;ajh ,nd .ekSug yels jQfha 2015 foieïnrfha m%xYfha 

meje;s tlai;a cd;Skaf.a foaY.=K úm¾hdi ms<sn| 21 jeks iuq¿ jdrfha § h' fuys § f.da,Sh WKqiqu 

md,kh lsÍu i|yd jk fhdackdjka tla tla rgj, cd;sl foaY.=‚l lñgq úiska ie,eiaula f,iska 

bÈßm;a l, hq;=j ;sì‚' fuu ie,iqï foaYSh jYfhka ks¾Kh lrk ,o odhl;ajh fyj;a Intended 
Nationally Determined Contributions (NDCs) f,i olajd we;' fï u.ska ;u rfgys ldnka úfudapkhka 

ljr wdldrfhka yd l=uk m%udKhkaf.ka wju lrkafka o hkak ms<sn|j;a ta i|yd .kakd 

l%shdud¾.hka ms<sn|j;a m%ldYhg m;aflfrhs' 

2015 jif¾ Tlaf;daïn¾ udifha § Y%S ,xldj o ;u ie,iqï meßia iuq¿jg bÈßm;a lrk ,ÿj f.da,Sh 

WKqiqïùu fi,aishia wxYl follg jvd wvq uÜgulska mj;ajd .ekSu iïnkaOfhka jQ fhdackdjg 

w;aika ;nk ,§' tu.ska jir 2100 jk úg f.da,Sh WKqiqu jeäùu mQ¾j ld¾ñl úma,j wjêhg jvd 

fi,aishia wxYl follg jvd wvqfjka mj;ajd .ekSug wjeis mshjr .kakd njg cd;Hka;r m%cdj 

yuqfõ tlÕ;ajh m<lrk ,§' ta wkqj wm l%shd;aul úh hq;= w;ru fuu wruqK fj; <Õdùug wjeis 

ie,iqï ilia lsÍfï j.lSu o hq;=lu o oeka wm i;=j mj;S'  

foaY.=K úm¾hdij,g m%;spdr oelaùfï m%fõY folla y÷kd.; yels w;r" ,sys,a lsÍfï mshjr 

^Mitigation& fyj;a jdhq úfudapkhka wju lsÍu iy jdhqf.da,Sh WKqiqu jeä lsÍug n,mdk jdhQ ia:dhs 

uÜgulg m;a lsÍug W;aidy lsÍu tla m%fõYhls' wfkl kï wkqj¾;kh fyda wkqyqreùfï ^Adaption& 
m%fõYhhs' fï u.ska oekg mj;akd fyda bÈßfha § we;s fõ hehs wfmalaId lrk foaY.=‚l úm¾hdij,g 

yev.eiaùu wfmalaId flfrhs' 

fuhska yß;d.dr jdhQ wju lsÍfï m%fõYhg wm oekgu;a msúi we;s nj lsj yelsh' ta meßia m%{ma;sh 

;=<sks' jdhqf.da,hg yß;d.dr jdhq uqodyefrk uQ,dY% wju lsÍu iy jkdka;r jeks yß;d.dr jdhQka Wrd 

.kakd m%Nj jeä lsÍug mshjr .ekSu m%Odk Wml%u folls' 1992 j¾Ifha meje;s ßfhda o cefkhsfrda 

iuq¿fõ § foaY.=K úm¾hdih i|yd úi÷ï fiùug tlai;a cd;Skaf.a foaY.=K úm¾hdi ms<sn| rduq.; 

iïuq;sh ^UNFCCC&msysgqjd .kakd ,o w;r" 

yß;d.dr jdhq úfudapkh wju lr.ekSug 

wjeis m%fõYhla f,iska jk úkdYfhka yd 

jk ydhkfhka isÿ jk jdhq úfudapkh wju 

lsÍfï l%fudamdhka ilia lsÍfï fyj;a 

REDD ^Reducing Emissions from 
Deforestation & Forest Degradation& 
jeviygyk wdrïN lrk ,§'   

jk yrKh yd jk ydhkh uÕska mDÓú 

jdhQf.da,hg ldnka vfhdlaihsâ tl;=ùug 

12] l muK odhl;ajhla ,nd fohs' th 

fojeks jkafka n,Yla;sh ,nd .ekSug Ndú; 

lrk m%Njhkaf.ka uqod yefrk ldnka m%udKhg mu‚' 

ෙම් ය්්ු ්ව ්්ර්තයු්ුළෙකෙර ්ක්බ ්වෙුෝා ර්වුු්ෝරුස්ුෙව්වුර් රබ්ෙරාම්කධ්නත්බු්
ෙලෝක්පර් ්ු්වුර්රගර්කර්ඩු ්්ලද. 2009 ුප්ෙේද් ශ්රේා්ලලක්ු්එබයද් ්සුෙන්REDD්ුෙ යසුෙු්
ය්ු්ජකදුර්ලබ්්ඩෙගු්්මය්වරළම්කර ්ලද . 2012 ුප්ෙේද්REDD+් ්තක්බපෙුෝි්රු්යකයශ්ෝරුස්
වු ශ්ය්න්බ්මක්යුර්ලබ්්ඩෙගුස්විස්ුෙෝ්හ්වනර , එබයද් ්සුෙන්ආු්ර්ු්්කෘහකපු්යලවර් ර , 

 
 ්තක්REDD+ බරලෙුෝි්රු්්යෙකාෙම්ක්ල්ර්මු 
මල්්ශරනර්: ්්ෙෆේයශබබ්් ු, REDD+්්ශර්්ලලක්්ුෙ යසු  

 



56

 

 

 

්ශර ලලක්ෙහ REDD+ මූක්ලඩ : ්ශර ලලක් UN-REDD ුෙ යසු 
 

 

එබයද් ්සුෙන්යලුපර ්ුෙ යසු ්යු්එබයද් ්සුෙන්ියයර්ුෙ යසු ්ර ්ආරන රුෙන්
ද්රකදුෙරු්පර්තිදත්ු්්යෙලසම්යමි්ද ර්ුළ්ෙකෙරමු්ිුස. 

REDD+ ්සද් මක්යදු්වුවෙේකසනත්ුල් නත් REDD+්ුෙ යසුෙු්පරදර් ්ි්ප්ුකශුු්ෙලය්ු ්
යලරබ්ග්ෙදි්පනෙමුතු් (Forest Department), ු ්ජව්යලරබ්ග්ෙදි්පනෙමුතු් (Department of 
Wildlife Conservation) යු්ෙද්ශග්විපර්ය්්යබ ්ෙලකම්ක්පර්ලර් (Climate Change Secretariat) 
පරdතිදත්ු්්යෙලසම්යමි්ද ෙේද්නු්ද්රකදුර්ලබ්්ෙදමු්ුබය.  

ඒ්වනු , ශ්රය්ලලක්්UN-REDD්ුෙ යසු ්ුොු්ෙම්ු ්වසද්ෙද්ශමක්විපර්ය්්යරුබ්ෙලුු්ූහල්
ෝරෙම්පරoෙහ්ර්වනඩු ර්කරම ,ු බරකෙුෝි්රු් පු්ගර්ෝරෙු්හ් නබන්ි්ුබය. ඒ්වනු , ශ්රෙ ේ් ්ලලක්්
REDD+ හ්මූක්ලඩ්ෙුෙයේ්දෙබවර්ුෙෝර. 

වන හරණෙයන 
සිවනනන න වනූ 
වෙෙමෝනය  වෙ 
කිෙ 
 

වන හනයනෙයන 
සිවනනන න 
වෙෙමෝනයන  වෙ 
කිෙ 
 

වනනන්ර  නාන 
සංච් සංරරකණය 
 

තරසනර වන 
 ළෙනන රණය 
 

වනනන්ර  නාන 
සංච්  හළ 
නැංවෙ 

     
 

REDD+ l%fudamdhka ;=<ska iajNdúl mßir moaO;sh iuÕ ñksid ksrka;rj .eàu je<elaùug;a" mßir 

moaO;sh ;=< foaY.=‚l úm¾hdi wju lr.ekSug wjeis idOl f.dvke.Sug;a wjeis miqìu ieliSu 

flfrys wjOdkh fhduqfldg ;sfí' ks¾Kh lrk ,o ld,rduqjla ;=< yß;d.dr jdhq úfudapkh wju 

lr.ksñka" jdhq ia:dhs uÜgñka mj;ajd .ekSug wjYH miqìu ieliSug W;aidy flfrhs' ;j o ;sridr 

ixj¾Ok Wmdh ud¾. flfrys ndOd we;s fkdùug;a" wdydr iqrlaIs;;djh we;s lr.ekSug" Ôjk 

meje;au ;yjqre lr.ekSug;a wfmalaId flfrhs' ta wkqj —jkdka;r yd bka Tíng¦ yß;uh Y%S ,xldjla 

;=< Ôú; yd Ôjk jD;a;Ska ;yjqre lsÍu˜ hk Y%S ,xldfõ REDD+ oelau f.dvke.S we;af;ah'  

Y%S ,xldfõ jk yrKh iy jk ydhkh i|yd n,mdk m%Odk idOl y÷kd .ekSu" Y%S ,xldfõ REDD+ 

md¾Yjlrejkaf.a iyNd.S;ajh yd Wmfoia ,nd .ekSfï hdka;%Kh" Y%S ,xldfõ REDD+ m%;sm;a;s yd 

ie,iqï m%uqL;d.;lrKh" Y%S ,xldfõ REDD+ ie,iqï yd m%;sm;a;s iudf,dapkh" REDD+ l%shdjg 

kexùfï uQ,Huh hdk;%Kh" REDD+ i|yd fm!oa.,sl wxYfha odhl;ajh iy REDD+ l%shdjg kexùfï 

l%fudamdhka hkd§ wxY i|yd  wjYH  uQ,sl wOHhkhka isÿ lsÍu iy wjYH jd¾;djka ilia lsÍu;a ta 

Tiafia Y%S ,xldfõ mdßißl" iudÔhh" wd¾Ól yd ixialD;sl wxYhka i,ldn,ñka REDD+ maÍ;sm;a;s yd 

ie,iqï ilia lsÍu iqodkïldß;aj wÈhf¾ § wfmalaId flfrhs'  

 fï i|yd rdcH wxYh" fm!oa.,sl wxYh fuka u isú,a ixúOdk iyNd.s;ajh ,nd fok w;r Èia;%slal 

uÜgfï  isú,a iudc ixúOdk" m¾fhaIlhska yd Wiia wOHdmk fCIa;%fha kshq;= jQjka fuka u Y%S ,xldfõ 

wd§jdiS ck;djf.a o iyNd.S;ajh ,nd.kakd w;r Tjqkaf.a woyia yd fhdackdjka ms<sn|j i,ld n,ñka 

m%;sm;a;s yd ie,iqï ilia lsÍu isÿ fjhs' Y%S ,xldfõ REDD+ ie,iqï yd m%;sm;a;s l%shd;aul lsÍu ;=<ska 

wm rfgys ;srir jk ixrlaIKhg kj m%fõYhla ,nd §ug wmg yelsjkq we;' 

oekg wm i;=j ;sfnkakd jQ jk ìï ksishdldrfhka l<ukdlrKh lsÍu ;=<ska tajdhska ,nd .; yels 

wd¾Ól m%fhdack ;srir f,i ,nd .ekSug;a by< YlH;djhla we;'  ;j o mdßißl jYfhka wm i;=j 

;sfnkakd jQ ffcj úúO;ajh ixrlaIK l%shdud¾.hka ys ;srir meje;au iy;sl lsÍug;a" jk ìï 
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ydhkh ksid ;¾ckhg ,laj ;sfnkakd jQ i;a;aj yd Ydl jdiN+ñj, meje;au iqrlaIs; lr.ekSu" jk 

ìïj, we;s .=Kd;aulNdjh ;yjqre lr.ekSu hk m%;s,dN w;am;a lr .ekSug yelshdj ,efnkq we;'  

f.da,Sh jYfhka i,ld neÆ l,ays yß;d.dr jdhQ úfudapkh iy ta iïnkaO wëlaIKh" jkdka;r 

iïnkaO f;dr;=re wdrlaIK moaO;shla ia:dms; lsÍu" tla/ia lrk ,o jkdka;r iïnkaO o;a; 

l<ukdlrKh yd ksis whqßka tajd jd¾;d lsÍu" hdj;ald,Sk lsÍu" uQ,H f;dr;=rej, úksúoNdjh 

mj;ajd .ekSu wdÈh iïnkaO m%;s,dN ,nd .ekSu o 

fï Tiafia wfmalaId flfrhs'  

ìï uÜgu ksfhdackh lrkakd jQ isú,a iudcfha 

isg m%;sm;a;s yd ie,iqï ilia lsÍug odhl;ajh 

,nd fokakd jQ rdcH yd rdcH fkdjk wxYhka ys 

ksfhdað;hska olajd ish¨ u wxYhka ys odhl;ajh 

,nd.ksñka m%;sm;a;s yd ie,iqï ks¾udKh lsÍu Y%S 

,xld REDD+ jevigyfka úfYaIs;ajhhs' ;j o Y%S 

,xldfõ jk wdjrKh 32]la lrd by< kxjd 

.ekSfï wruqK o ;srir ixj¾Ok l%shdj,shg 

wjeis mdßißl wxYfha l<ukdlrKh o imhd §u 

u.ska wd¾Ól yd wd¾Ól fkdjk m%;s,dN /il 

ysñlrejka ìyslsÍug;a fï Tiafia yelshdj 

,efnkq ksielh'  

ta wkqj" fuu m%;s,dN ,nd .ekSug kï wm fï ,eî ;sfnk wjia:dfjka Wmßu m%fhdack .; hq;=h' 

mßirh yd tlaj lghq;= lrñka f.da,Sh WKqiqu wju lr.ekSfï m%;sm;a;s yd ie,iqï l%shd;aul lsÍug;a 

jk ìï /l .ksñka ldnka úfudapkh wju lsÍug;a ta Tiafia wd¾Óluh yd mdßißl m%;s,dN ,nd 

.ekSug;a wmg yels jkq we;af;a REDD+ l%fudamdhka l%shdjg kexùu ;=<sks' ta i|yd l%shd;aul úh hq;= 

ld,h t<eU we;af;ah' ta i|yd wm ieufokdu tldfuka bÈßhg .uka lruqæ 

 

 

 

 

 

 

 

 

 

 

 

REDD+ ව ශ්ුවදර්iල්කථක්ා්පරුශුෙඩු්යු්
ිපෙේකරුෙඩු්යුුවන්වදුතුෙන්ද්රකදුර: ශ්ර ශ් ්ලලක්්
UN-REDD ුෙ යසු ්
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Child-Centered Climate Change Adaptation: Time Critical for Sri Lanka 

Wathsala Jayamanna 
UNICEF Sri Lanka 

 
Introduction 

Climate change is no longer a distant prospect. Its adverse impact is already being felt in island nations 
globally, including Sri Lanka, where extreme weather events and irregular climate trends are occurring 
regularly, and causing substantial physical, social, human and economic damage and loss. These events 
often have long lasting impacts – the May 2016 urban floods and landslides in Sri Lanka, triggered by 
heavy rain reversed years of development activity. 

In Sri Lanka children and young people, who represent approx. 30 per cent of Sri Lanka’s total 
population1

Children bear the brunt of climate change and its adverse impact

, are the most vulnerable to natural and human-made disasters including climate change 
induced extreme weather events. Yet they are also the generation that will be required to deal with the 
adverse impacts of climate change in the future, including as leaders. It is therefore essential that they 
are involved in decision-making now. 

Why children should be in the centre for Climate Change Adaptation?  

2, facing death, injury, displacement 
and separation from their family, which leaves them vulnerable to trafficking, exploitation and abuse. In 
the past decade within the South Asian region,child death and injury have outnumbered those of adults 
in the majority of disasters3. In 2015 alone, over 7.7 million children in South Asia were directly affected 
by earthquakes (Nepal), cyclones (Bangladesh), conflict (Afghanistan), floods (Afghanistan, Jammu and 
Kashmir) and drought (Pakistan Sindh Province)4. Research undertaken by Save the Children in 2009 
estimated that, “over the next decade, around 175 million children will be hit by climate-related disasters 
every year, and that climate change could ultimately lead to an additional 250,000 child deaths a year in 
South Asia and sub-Saharan Africa alone”5

                                                           
1Department of Census and Statistics (2012), Census of Population and Housing 2012,  
<

. 

When a disaster hits, children are disproportionately affected by the breakdown of critical systems and 
services like health, nutrition, education and protection. In a region with existing vulnerabilities 
including poverty, malnutrition, inequality, and exclusion, this impact is magnified. Further, repeated 
cycles of natural shocks and disasters exacerbate these vulnerabilities and have a devastating impact on 
the well-being, physical security and development of children. 

http://www.unicef.org/srilanka/Fast_facts.pdf> (accessed 04/10/2016) 
2UNICEF Office of Research (2014). ‘The Challenges of Climate Change: Children on the front line’, Innocenti Insight, Florence: 
UNICEF Office of Research. <http://www.unicef.org/publications/index_74647.html> (accessed 04/10/2016) 
3SAARC (2015) South Asia Regional Policy Framework for Child-Centered Disaster Risk Reduction 
4Ibid. 
5Ibid.2 



59

Whilst climate change will ultimately impact all children, today over 660 million children live in zones 
that are at extreme risk of floods or drought6.With the majority of scientific research indicating that 
climate change will increase the frequency of droughts, floods and severe weather eventsthe risk to 
these children, and the infrastructure needed for their well-being is critical. Droughts and flooding can 
destroy crops, disrupt water systems and contaminate water reserves. Food insecurity, rising air 
pollution, increased risk of vector-borne diseases, acute respiratory infections, diarrheal diseases and 
malnutrition can have a significant detrimental impact on a child’s early development. The World Health 
Organization (WHO) and UNICEF joint publication reveals that “in 2015, malaria is estimated to lead to 
438,000 deaths, of which more than two-thirds were children under 5 years of age”. Children are also 
more vulnerable than adults to undernutrition while diarrhoeal diseases are a major cause of under-five 
mortality with an estimated 530,000 child deaths in 2015 alone7

                                                           
6UNICEF (2015) Unless We Act Now: The Impact of Climate Change on Children. 
<

. 

Despite increased recognition of the disproportionate impact of disasters on children, most climate 
change adaptation (CCA) and disaster risk reduction (DRR) policies and programmes within the South 
Asian region still tend to overlook the special needs of children and their potential capacities to become 
leaders in building disaster resilience within their communities. Most disaster risk assessments and 
climate change impact analyses rarely include data about children. In Sri Lanka, availability of gender 
and age disaggregated data during and after disasters is a constant challenge for those involved in 
disaster risk management. In addition, no analysis of how climate change had been affecting the 
children living in Sri Lanka has yet been carried out. This lack of data and evidence has also posed 
challenges in assessing child vulnerability and exposure to climate change, at national and local levels 
which therefore negatively impact the country’s level of preparedness. Hence, understanding the special 
risks posed by climate change and disasters to children and empowering them to withstand recurrent 
shocks is a critical ingredient in building future disaster resilience. 

Current CCA and DRR Policy Framework for Children in Sri Lanka 
 
Both theNational Climate Change Policy of Sri Lanka (NCCP) and the National Climate Change 
Adaptation Strategy for Sri Lanka 2011 - 2016 (NCCAS) do not explicitly refer to or address the high 
vulnerability of children to climate change. Both however, acknowledge the need to empower children 
to cope with climate change through education and awareness raising. Nevertheless, children are still 
not involved in CCA decision-making, resulting in a lack of child-focused policies and action planning to 
mitigate the adverse impacts of climate change.  
 
Whilst everyone deserves protection from the adverse impacts of climate change, it should be noted 
that children have contributed the least to climate change, yet will suffer its effects longest. Therefore, 
children must have the opportunity to voice their concerns and be part of the decision making process 
that will impact their lives 

http://www.unicef.org/publications/index_86337.html> (accessed 04/10/2016) 
7UNICEF (2015) Unless We Act Now: The Impact of Climate Change on Children. 
<http://www.unicef.org/publications/index_86337.html> (accessed 04/10/2016) 
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A Child-Centered Approach to Climate Change Adaptation 

A child-centered approach to CCA targets activities that help to reduce the vulnerability of children to 
climate change. It requires a specialized understanding of the risks and the negative impact posed by 
climate change, and provides solutions to prevent or mitigate their impact. Many of the potential 
solutions for reducing vulnerability of children are low cost and already well known. For example, 
distributing insecticide-treated mosquito nets in areas of high prevalence of malaria or dengue 
substantially reduces the possibilities of vector-borne diseases. Providing incentives to poor families to 
ensure school enrolment and ensuring that schools feature water, sanitation and hygiene programmes, 
help to both boost school attendance and results in greater resilience among children to disasters. 
UNICEF studies in Maldives have revealed that mainstreaming DRR and CCA into school curriculum, 
together with comprehensive teacher and relevant stakeholder training, securedreal benefits. In Niger , 
the development and roll out of the concept of ‘community gardens’ has ensured that children have 
access to a nutritious and balance food basket even during the off-season.In Bangladesh, basic 
swimming lessons, given to children aged between 5 – 17 years have ensured that children have critical 
survival skills needed to protect them from drowning. In the Philippines, mangrove rehabilitation by 
children to restore their local ecosystem demonstrated the important role young people can play in “risk 
communication and promoting behavioural change to reduce disaster risks”8

The economic argument for investing in child-centered approaches to climate change adaptation are 
threefold

.  

9

a) such investments would reach a large proportion of the global population over a longer period 
of time as children constitute the largest group at risk from climate change; 

:  

b) building resilience means reducing the long term economic losses associated with degradation 
of health, education and protection caused by climate change among the children; 

c) many child-centered climate change adaptation interventions to reduce children’s 
vulnerabilities are the lowest cost options and are already well established, such as insecticide 
treated mosquito nets, and water, sanitation and hygiene training. 

Though there are many child-focused DRR or CCA activities at community level, it is imperative that the 
lessons learned from those activities are adequately reflected in DRR and CCA policies at the national 
level. Therefore, it is high time to change the conventional approaches and use innovation to engage 
future leaders to be part of the climate change adaptation. 

 

 

                                                           
8UNICEF and Plan International (2011) The benefits of a child-centered approach to climate change 
adaptation.<https://www.unicef.org.uk/Documents/Publications/ClimateChange_child_centred2011.pdf>(accessed 
04/10/2016) 
9Ibid. 
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Children as Change Agents for Climate Change Adaptation 

The ‘Children in a Changing Climate Coalition’10

• Prioritization of children’s safety, survival, development and participation; 

 is a partnership of leading child-centered development 
and humanitarian organizations, each with a commitment to share knowledge, coordinate, and work 
with children as agents of change, in full recognition for their capacity to prepare for and respond to 
shocks and stresses. The coalition encourages states to adopt the following child-centered DRR and CCA 
approaches: 

• Processes that are locally owned and include the meaningful participation of children; 
• Programs that focus on the most marginalized and vulnerable children, including children with 

disabilities and from ethnic minority groups, among others; 
• National accountability processes that take children into account and include mechanisms for 

independent review, including national planning, budgeting and monitoring systems 
• Disaster-related information that is child-friendly, gender-sensitive, and age-appropriate for 

children 

Conclusion 
 
Children will bear the brunt of climate change for a longer period than today’s adult generation. 
Therefore, their rights and interests should be a key element of climate change policy, advocacy and 
research. However, children continue to be overshadowed and neglected in decision and policy making 
on CCA and DRR. Hence, UNICEF actively encourages governments to adopt a child-centered approach 
for CCA and DRR where children as key participants in decision-making and are empowered to be the 
catalysts for resilience.  

At the global level, UNICEF has integrated DRR into the ‘Core Commitments for Children in Humanitarian 
Action’, UNICEF’s central policy on how to uphold the rights of children affected by humanitarian crises. 
UNICEF is increasing its investment in both preparedness and in reducing risk through its response and 
early recovery work. In Sri Lanka, UNICEF is working to integrate DRR and CCA into its programming, 
focusing particularly on building partnerships with governments and civil society from the national to 
the community level. This involves integrating DRR and CCA into both UNICEF’s regular country plans 
and into the overarching United Nations Development Assistance Framework (UNDAF), so that risks are 
assessed and monitored as part of the planning processes. In countries and regions with a high risk of 
disaster, UNICEF promotes explicit approaches to reducing risks through all of its core programmes. 
UNICEF works to promote and help ensure an adequate and specific focus on the rights and 
vulnerabilities of girls, boys, adolescents and women in all DRR initiatives. 

UNICEF strongly promotes a child-centered approach to CCA and DRR in Sri Lanka, and supports the 
government in achieving its commitment to theSouth Asian Association of Regional Cooperation (SAARC) 
Regional Policy Framework on Child-Centred Disaster Risk Reduction which provides guidance to the 
eight member countries on a coherent approach in anticipating and addressing concerns regarding 

                                                           
10Members of the coalition are ChildFund Alliance, Plan International, Save the Children International, UNICEF and World Vision 
International. 
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disaster risks as they impact children across the region. Accordingly, UNICEF is committed to strengthen 
the capacity of the Government of Sri Lanka in implementing a child-centered approach for CCA and 
DRR with complementary technical support to put innovative measures for disaster response in place, 
such as cash transfers in emergencies, as well as to scale up good practices in child-centered DRR and 
CCA in areas of high risk including research on children’s specific vulnerabilities for climate change and 
disasters. 

In a world where climate change is inevitable, preparedness and adaptation is key for survival. The 
earlier we start preparedness and adaptation, the better our ability to continue a healthy and long life. 
Unless we act now to prepare against climate change, we will not only endanger ourselves but also 
jeopardize the future of our children.  
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Biochar Production Technology and Climate Change Mitigation 

 H.M. Saman K. Herath 
Department of Export Agriculture, Uva Wellassa University.samanherath@uwu.ac.lk 

Biochar refers to black carbon produced by heating biomass in an oxygen-free or low oxygen 
environment (pyrolysis) so that it does not or only partially combusts (Bridgwater, 2003). In this process, 
bio oil and syngas are produced along with biochar, all three of them potentially valuable products: the 
bio oil can be used as fuel, the syngas as energy input to the pyrolyser unit and the biochar as a soil 
additive. Biochar is a porous carbonaceous solid whose properties are determined by the degree of 
thermo-chemical conversion of organic materials during production and the feedstock type used.  

Use of biochar as a soil additive is practiced as a means to simultaneously mitigate climate change and 
improve soil fertility. However, focus is given here on climate change mitigation but many proven 
records are available elsewhere on soil fertility improvement. Physico-chemical properties of biochar are 
suitable for the safe and long-term storage of Carbon (C) in the environment. This is mainly given by the 
fact that biochar is highly stable in nature and once deployed into the soil it sequesters atmospheric C in 
stable soil C pools. Thus, biochar can exist in the soils for at least several thousand years. As regard to 
the C sequestration, different strategies are discussed, ranging from wide-spread afforestation and 
reforestation in terrestrial ecosystems to pumping of CO2 into deep oceans and geological layers (IPCC, 
2000). Nevertheless, the most sustainable approach can be the soil application of biochar as it offers 
both a large and long-term C sink in the soil. Conversion of biomass to biochar fundamentally alters the 
transformation dynamics with respect to C sequestration. According to Lehmann et al. (2006), 
conversion of biomass-C to biochar-C leads to sequester about 50% of the initial C compared to the low 
amounts retained after burning (3%) and biological decomposition (<10% after 5 years), therefore, 
yielding more stable soil C than burning or direct land application of biomass. This efficiency of C 
conversion of biomass to biochar highly depends on the type of feedstock, but might not be significantly 
affected by the pyrolysis temperature.  

Recent research has confirmed the climate change as one of the most critical challenges faced by many 
of the countries. As such, temperature increase has been unequivocally proven and is occurring at an 
unprecedented rate (IPCC, 2001). CO2, CH4 and N2O are important drivers of the anthropogenic 
greenhouse gas (GHG) effect and such gases are released both through burning of fossil and biomass 
fuel as well as decomposition of above- and below-ground organic matter. Efforts are thus made to 
reduce avoidable GHG emissions or off-setting unavoidable emissions through sequestration of C in the 
environment. In that context, ability of biochar to mitigate above gas emissions is vital. Soil C 
sequestration strategy through biochar application to soils will not only be affected by the longevity of 
biochar-C itself but also by protecting native organic matter present in the soil. In general, every ton  of 
C lost from soils adds 3.67 tons of CO2 to the atmosphere (Winsley, 2007). Soils losing C are also losing 
N, including N2O and other forms. Therefore, given the C sequestration mechanisms of biochar, use of 
this technology can give considerable benefits. Since biochar remains in soil for a considerable time, it 
prevents immediate release of C to the atmosphere. Herath et al. (2015) determined that >50 % of 
added biochar-C remains after 100 years from the soil application while none of the feedstock-C remains 
after a few years of soil application. Lifting the C:N ratio in soils has the effect of increasing N retention 
and therefore, reducing N2O emissions and nitrate leaching. Adding biochar to soil may prevent or limit 
the anaerobic production of N2O. 
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In many agricultural and forestry production systems, waste is produced in significant amounts from 
many residues such as forest, mill, and field crop residues and urban wastes. Most of these residues can 
be used to produce biochar even under Sri Lankan context. Therefore, investigation of potential benefits 
can be considered as a timely important investment. There is however a number of logistic and financial 
constraints (e.g. high production cost) limiting the immediate adoption of biochar as a GHG mitigation 
strategy, but looking into  possible opportunities to avoid such issues is needed. Exploiting benefits such 
as soil C sequestration, GHG emission mitigation, soil fertility improvement, and agricultural & forest 
waste management, by biochar application, is suggested for a sustainable environment existence.  
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Black Carbon and Climate Change Mitigation in Sri Lanka: 
Effects of using Biomass as an energy source in household cooking 
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Black Carbon has recently emerged as a frequently used 
term in the Climate Change jargon although it is not a new 
term in the vocabulary. It has gained its significance as a 
considerable contributor to Global Warming.  With the 
successfully concluded COP 21 in Paris in December 2016 
and the resulting Paris Agreement, more attention may be 
drawn to Black Carbon by researchers, policy makers and 
implementers in the coming days.  

Climate Change is driven by the concentration of 
greenhouse gases (GHG) in the atmosphere. The main 
component among the GHGs is Carbon Dioxide (CO2). 
Therefore, reducing CO2 emissions is essential to avert the 
significant negative impacts of climate change. But CO2 has a 
long atmospheric lifetime. It takes several decades for 
CO2 concentrations to begin to stabilize after their emissions reductions begin. Accordingly, the 
reduction of GHG emissions would not change the concentration of GHGs in the atmosphere over short 
periods of time.  

In contrast to CO2, Black Carbon has a very 
short life time or residence time, which is 
upto only a few weeks in the atmosphere. 
Therefore, reducing Black Carbon emissions 
can bring about a more rapid climate 
response with its ability to delay and retard 
the rate of Global Warming.  This leads to 
reducing Black Carbon emissions resulting in 
more immediate impacts on Climate Change 
which is a unique near term opportunity to 
postpone the effects on Climate Change.  It 
also should be noted that because Black 
Carbon remain in the atmosphere for a 
shorter period, its climate effects are strongly 
regional and its climate effects would 

dissipate quickly with the reduction of  Black Carbon emissions. 

After staying in the atmosphere for upto couple of weeks, Black Carbon falls back to the earth’s surface 
by settling and by precipitation. In both places, that is, while suspended in the atmosphere and after it 
returns to the earth’s surface, Black Carbon can have different effects on the climate.  

What is Black Carbon? 

Black Carbon refers to the tiny, 
elemental carbon substance formed 
during incomplete combustion of 
fuel. These fuels could be fossil fuels, 
biofuels, and biomass or forest fires.  
Incomplete combustion can be 
natural or due to human activities and 
occurs due to lack of air (oxygen) or 
lower temperatures. This results in 
forming soot where Black Carbon 
comes out as a major component of 
soot.  

Effects of BC on 
Climate, as Compared 
to GHGs 
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When suspended in air, Black Carbon absorbs all wave lengths of solar radiation from the short wave 
ultraviolet light waves to longer infrared waves. Furthermore, black carbon converts ultraviolet to 
infrared which it reradiates to the atmosphere around the particle. This warms the atmosphere at 
higher altitudes and creates a dimming effect on the surface which can result in lower temperatures in 
the lower atmosphere. An expert says that although ordinarily, airborne particulates seed clouds, Black 
Carbon particles can get hot enough to vaporize water and prevent clouds from forming at 
all. Therefore, this type of warming of air can affect regional cloud formation and precipitation patterns.  
When Black Carbon returns to the earth’s surface and deposited on snow and ice, it absorbs sunlight, 
again generating heat, which warms both the air above and the snow and ice below, thus accelerating 
their melting which could lead to other climate effects.   

The soot produced by partial combustion of fuels can contain Black Carbon, organic carbon and brown 
carbon. One way of differentiating these substances  by their light absorbing properties. Black carbon 
absorbs all wave lengths, organic carbon scatters light, and brown carbon has light absorbing properties 
between black carbon and organic carbon. Generally, the blacker the soot, the more of a warming agent 
it is. Generally, fossil fuel and biofuel soot are blacker and soot from biomass burning is generally more 
of a brownish color. It has been estimated that 
majority of Black Carbon emissions come from 
the developing world.  China and India together 
are estimated for some 25% – 35% of global 
Black Carbon emissions while same by United 
States is estimated to be around 6%.  

In most developing countries, food is cooked at 
homes using open hearths and low quality solid 
fuels including fuelwood. The fuel used can also 
be wet. These circumstances results in inefficient 
combustion of fuels taking place at lower 
temperatures and with poor burning 
characteristics. This leads to health and climate damaging emissions, including a short-lived climate 
pollutant, Black Carbon. Global Alliance for Clean Cook Stoves estimates that up to 25% of black carbon 
emissions come from burning solid fuels for household energy needs. Wood cook stoves are identified 
as the main source of Black Carbon emission in the developing countries.  

Effects on Indoor air quality by fuelwood based cooking 

According to the census of population and housing of Sri Lanka in the year 2012, over 78% of the 
households in Sri Lanka use firewood as their cooking fuel. The researches have revealed that cooking 
fuels are the main source of indoor air pollution in Sri Lanka and that it is unlikely for there to be a shift 
to cleaner fuels in the near future. The researches also reveal that most of the traditional local stoves 
using firewood have incomplete combustion resulting in high pollutant emissions. This leads to higher 
levels of Black Carbon emissions.  

Indoor air pollution and indoor air quality related research is the closest research conducted in Sri Lanka 
which has a relevance to Black Carbon emissions from domestic cooking. Sri Lankan researchers may 
have paid much attention to the aspects of indoor air quality, partly because of adverse health 
implications such as pulmonary diseases and respiratory infections and heavy death toll due to indoor 
air pollution. The World Health Organization had estimated that the number of deaths attributable to 
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indoor air pollution in Sri Lanka in the year 2004 was 4,300 which is a considerable number for a country 
of a population of nearly 20 million.  

The reason for past research to be in line with indoor air pollution and not on Black Carbon emissions 
may be due to the fact that ‘Black Carbon’ is a new subject discussed at international level, and even 
then, it is mostly from a climate change perspective. Indoor air pollution or indoor air quality studies in 
Sri Lanka have focused mainly on health impacts, particularly of women and children who are 
considered as most vulnerable groups exposed to health implications due to poor indoor air quality due 
to cooking. For example, a study of assessing exposure in kitchens using firewood with traditional stoves 
has reported that average particulate matter to be PM2.5 (its size is 2.5 micrometers in diameter and 
smaller) with concentrations exceeding 1,200 μg per m3. Further,we know that Black Carbon is a 
component of particulate matter emissions.  This type of information can be used to extend such studies 
into the domain of ‘Black Carbon’ using correlations or other means. 

Possible effects of Black Carbon 
Health Climate 
asthma 
lung cancer  
cardiovascular problems 
birth defects  
premature deaths 

warm atmosphere 
melt snow and ice  
affecting reflectivity and 
stability of clouds  
alter precipitation 

 

Options for a cleaner kitchen 

We have many options available to curtail Black Carbon emissions in Sri Lanka from the domestic 
cooking. It is a known fact that conversion efficiencies of solid fuels are lesser than liquid fuels and 
efficiencies of gaseous fuels are better than that of liquid fuels. Accordingly, the cleanliness and 
convenience of using cooking fuels also increase from solid fuels to liquid fuels and from liquid fuels to 
gaseous fuels. This is clearly reflected in what we call the ‘energy ladder’. Therefore, one obvious choice 
left for Sri Lankans is to shift from using biomass for cooking and use cleaner energy options such as LP 
gas, biogas or electricity. However, these options also have their demerits. 

LP gas has the risk of dependence on imports which is partly a political issue affecting energy security of 
the country. It also leads to an economic issue due to foreign exchange drain. On the other hand, LP gas 
is produced as a by-product of the petroleum industry. Depletion of oil and hence oil industry, would 
make a full stop to LP gas supplies in the future. Possible escalation of prices and affordability of 
increased costs would be a different issue for the households. 

Biogas is an energy source that could be generated at the domestic level itself using the organic waste 
such as food, vegetable, and fruit wastes and human excreta from an ordinary household. However, the 
amount of biogas that could be produced may not be sufficient to meet all cooking energy demands of a 
household due to the limitation of the amount of organic waste available. Considering the sustainable 
consumption and production or cleaner production concepts and the waste management practices of 
reducing, reusing and recycling of waste, we have to discourage waste generation which may result in 
the reduction of per capita availability of organic waste over the future horizon. Therefore, the biogas 
option is limited only to those who would have access to a sufficient quantity of organic waste.  
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Using electricity for cooking, from an energy perspective, is hard to be recommended due to lower 
efficiency considering the equipment and appliances currently being used and cooking practices in Sri 
Lanka. On the other hand, Black Carbon emissions would be reduced or eliminated from generating 
electricity only if electricity is produced using renewable sources of energy. If coal or diesel is used for 
generating electricity, using electricity for cooking would indirectly emit Black Carbon into the 
environment.  

Despite the benefits of above options, we still should not forget the fact that the majority of Sri Lankan 
populace use biomass for cooking, which are mainly sourced from their home gardens, neighborhoods 
and at times from commercial sources. These are comparatively cheap and easily available for many, 
particularly for those living in rural and semi-urban setups. On the other hand, what if biomass is 
sourced sustainably and used efficiently?  

How can we mitigate Black Carbon emissions from household cooking? 

Being a tropical country with a good rainfall and fertile soil, Sri Lanka can embark on biomass as a source 
of energy including for domestic cooking purposes. Therefore, improved efficiency of cooking (a 
combination of efficient cooking stoves and good cooking practices) that leads to less solid fuels being 
consumed and better combustion would help reducing Black Carbon emissions.  This, coupled with a 
supply of cooking biomass fuels from sustainable sources, would further contribute towards net 
reduction of Black Carbon emissions. The researchers have found that about 27% of Sri Lankan 
households use biomass fuel for cooking inside the main building which does not have a chimney. 
Therefore,  some other factors that need to be considered in using biomass for cooking include 
providing better ventilation and use of a chimney (natural draft) and, if possible, supply air through a 
blower (forced draft). These would enhance combustion efficiencies and reduce producing Black 
Carbon.  

As for selection of fuel wood stoves, it is recommended to deviate from using open hearths (the 3 
stoned) and at-least resort to using improved efficient cooking stoves which are available in the market 
or made in-situ. On the other hand, there are a couple of wood gasifier stoves available in the market, 
which may need further technical improvements to be fully commercialized and reliable. These stoves 
have a better combustion efficiency as biomass is first partially combusted producing Carbon Monoxide 
and the heat for cooking is produced in the second phase, which is from combustion of Carbon 
Monoxide which is a gas. Therefore, these cooking stoves demonstrate the properties of both solid fuel 
and gaseous fuel based cooking stoves. If these are developed to a stage where they demonstrate the 
features of the LP or biogas cooking stoves, which use gaseous fuels, these could contribute to 
significant reduction of Black Carbon emissions.  

Sri Lanka Standards Institution, in the year 2013, has released national standard code of practice for a 
type of improved and better efficient clay cooking stoves (SLS 1475).  They are also in the process of 
developing national standard code of practice for sustainably produced fuel wood which is released for 
public comments at the time of writing this article. This may come into effect by end of 2016 or early 
2017. Accordingly, practical application of these standards by households and biomass suppliers 
respectively would contribute towards reduction of Black Carbon emitted from domestic cooking.  

In conclusion, Sri Lanka’s domestic level cooking may be emitting Black Carbon to a considerable level 
contributing towards Climate Change. However, simple and proven remedies could be adopted to 
reduce such emissions.  Reducing Black Carbon emissions brings about not only a win-win scenario from 
climate and health perspectives, but also helps in enhancing  access to affordable household energy and 
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safe cooking solutions. We already have simple technologies to meet these demands and we should 
adopt best behavioural patterns. It would have a quicker cooling effect on the Climate Change, delaying 
temperature increases in the short run and reduce indoor air pollution providing public health co-
benefits in the long run, ultimately helping to build a happy and healthy community.  

Further research and recommendations 

Power and transport sectors may already contribute more than the household cooking sector to Black 
Carbon emissions in Sri Lanka. However, the contribution made by household cooking should be further 
investigated. Quantity of Black Carbon emitted has to be studied under different circumstances 
preferably along with health impact studies. Economic, social and environmental analysis has to be 
carried out. While the researchers at international level conduct further scientific research on Black 
Carbon and its impacts, local researchers can join them and contribute to such interventions to enhance 
the knowledge and experience.  
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Black Carbon Emissions (Gg) in 2000 
http://www.dieselforum.org/images/dmImage/StandardImage/chart_blackcarbonemissions1.jpg 

 

 

 

 

 

 

 



70

International shipping and climate change: Measures for mitigation 

Imali Udeshika Manikarachchi 
Ocean University of Sri Lanka. imaliudeshika@yahoo.com 

Shipping is the most cost-effective mode of transportation in the world, which carries over 80% of the 
volume of the global merchandise trade. 71% of the earth surface is covered by the oceans, out of which 
international shipping routes occupy a significant space. In spite of the fact that shipping has made 
people’s lives much easier, it generates negative environmental externalities that have to be borne by 
the entire society.  

Climate change is a consequence of global warming, caused by increased concentrations of greenhouse 
gases (GHG) in the atmosphere. Excessive amounts of GHG and black carbon aerosols absorb and trap 
heat within the lower atmosphere, making it warmer for a long period of time. Due to this reason, 
earth’s average surface temperature has drastically increased over the past century. This leads to severe 
environmental conditions such as shifting rainfall patterns, melting of polar ice caps, disease outbreaks, 
sea-level rise, prominent floods and droughts, habitat alteration, and species extinction etc.  

Just like any other transportation mode, Ships emit CO2 as a byproduct of combustion of fossil fuel. CO2 

is an effective heat-trapping agent and is capable of remaining in the atmosphere for a longer period. To 
reduce fuel costs, many ships are using Heavy Fuel Oil (HFO), which is inexpensive but high in sulfur 
content. Burning of this dirty oil produces SOx, NOx and particular matters which induce atmospheric 
acidification and health related issues. However, Ocean-going ships are responsible for around 3% of 
global GHG emissions, which is around 1 billion tons a year. This amount is rather low compared to the 
road transportation, which produces around 17% of the global total GHG emissions. However, 
considering the fact that ship sizes are getting much bigger while global trade continues to expand, 
more regulations have to be placed in order to control ships’ emissions.   

In order to cope with the global GHG reduction trends, the International Maritime Organization (IMO), 
which is the regulatory organization of international shipping, has identified specific technical, 
operational and market-based measures to be introduced to ships. Here, the most important initiative 
has been recognized as the enhancement of ships’ energy efficiency, which simply reduces the fuel 
consumption and GHG emissions, while saving associated costs. In this regard, the IMO has introduced 
“Energy Efficiency Design Index (EEDI)” for the newly constructed ships and the “Ship Energy Efficiency 
Management Plan (SEEMP)”, for the ships currently in operation. EEDI is a technical measure, which sets 
minimum energy efficiency standards for newly built ships from 2013 onwards. EEDI is to be optimized 
by innovative modifications of ships’ design, load capacity and speed. Hull optimization, propeller 
upgrading, cleaner and alternative fuels and highly efficient engines with integrated power systems are 
among the popular attempts to reach targeted EEDI levels. SEEMP is an operational measure, focused 
on improving ships energy efficiency in a cost effective manner. Ships that are currently in operation are 
required to have an onboard energy management plan, which allows long term monitoring of its energy 
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performances. This encourages ship owners to retrofit their ships with innovative technologies for 
power saving. 

SEEMP popularly focuses on hull and propeller maintenance, trim optimization, weather routing, slow 
steaming, efficient supply chain management and human resource development to achieve best 
practice and energy efficient operations. 

All vessels above 400 GT are mandated to obtain International Energy Efficiency Certificate (IEEC) issued 
by classification societies to demonstrate their compliance with the EEDI and SEEMP. MARPOL Annex VI 
(Regulations on the prevention of air pollution from ships) has been amended to make the EEDI and 
SEEMP mandatory to all state parties.  

Market-based measures provide mechanisms to monetize the GHG emissions from shipping. Under this, 
Emissions Trading Scheme (ETS) and Carbon Tax / Levies on Fuel have been introduced which impose 
emission charges on vessels calling at port states, based on the fuel consumption on voyages to 
respective ports.This approach encourages the vessel owners to invest on energy efficient equipment 
and generates funds for adaptations, mitigations, and research and development related to GHG 
emissions. 

By introducing EEDI and SEEMP alone, the IMO targets CO2 reductions of 200 million tons by year 2020 
and 420 million tons by year 2030. Gradually, the international maritime business leans towards “Green 
shipping”, which involves clean energy and reduced emissions. However, there are still significant 
developments that the developing maritime nations should achieve in order to meet the global GHG 
reduction targets.   
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Optimising energy use in buildingsto reduce GHG emissions 
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We spend most of our lives inside buildings. May it be our home, office or the occasional vacation spot, 
buildings provide shelter, security and comfort. To provide our daily amenities buildings consume a lot 
of electrical energy. In fact, buildings globally consume more than 40% of the electricity produced in 
power plants. Hence, buildings contribute to large amount of CO2 emissions in the atmosphere causing 
global warming that has led to Climate change. Therefore, considerations in to reducing our energy 
consumption in buildings or supplying with a renewable energy resource can result in mitigating climate 
change. 

Once built, a building will continue to function for at least 50 years.  During its lifetime it will consume 
more and more energy as the building gets old and the systems become less energy efficient. In Sri 
Lanka, due to the hot humid climate, most of the energy consumed by buildings is to cool the indoor 
environment. The effort to cut down on the cooling load sometimes results in completely covering 
windows cutting off daylight as well. This further increases the energy burden as artificial lighting is used 
during day-time. 

 If careful consideration is given to optimising energy use, buildings can operate with a minimal financial 
burden on the building owner as well as contribute to a cleaner environment in the long term, adding 
value to the building beyond aesthetics and function. 

Reducing energy use during operation of a building has two primary stages as depicted in fig.1. The goal 
of energy saving measures in a building is to achieve a Zero Energy Building (ZEBs), or at least a Nearly 
Zero Energy Building (NZEBs). Zero Energy Buildings demand less energy to operate while the remaining 
electricity demand is supplied through renewable energy source such as hydro or solar power.  Zero 
energy buildings therefore do not contribute to CO2 emissions during operation and hence do not 
contribute to climate change during their life time.  Nearly Zero Energy Buildings use less energy than an 
average building but are dependent on the national electricity grid. Therefore, they still contribute to 
CO2 emissions.  
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Fig.1 - Energy use optimisation in buildings 

Cutting down on energy demand is the first step into energy optimisation. It is important to follow step 
1before going in to step 2, in order to minimise the high capital costs for renewable energy generation. 
However, cutting down the energy demand requires the collaboration of all the stakeholders in the 
building process.  

Step 1 

Reducing energy use can be done at two levels: firstly, at the building design stage, secondly, during the 
operational stage.  At the onset of building design, the owner can convey his desire to operate a zero-
energy building to his building team.  At the design stage, the architect could design the building by 
reducing the internal cooling load while maximising natural light in to the building. Further, the 
mechanical and electrical engineers could design energy efficient systems for lighting and cooling.  

When the building reaches the operational stage, the owner can install energy use monitoring systems 
such as BMS (Building Management Systems) to keep check on energy use.  As buildings last a long time, 
new energy efficient technologies for lighting and ventilation can be adopted periodically. In addition, 
occupant behaviour is also crucial for improving building energy efficiency. Building users have to be 
educated on energy conservation practices. 

Step 2 

When the demand for energy is optimally reduced, then renewable energy sources can be introduced to 
supply the remaining energy need. Renewable energies such as solar power, hydro-power, and wind 
power can be considered for onsite generation, depending on the availability of the infrastructure and 
the location of the building.  

In Sri Lanka, new building constructions should strive to become Zero-Energy Buildings by reducing 
energy use and switching in to renewable energy supply to meet the remaining energy need. For 
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existing buildings, it is difficult to be fully independent of the national electricity grid, therefore, they can 
be retrofitted with energy efficient strategies to become Nearly Zero Energy Buildings and reduce their 
impact on the environment.  

If building energy consumption can be reduced by building design, operation and occupant behaviour, 
then the burden on the national electricity grid will be lessened, reducing national CO2 emissions that 
contribute to Climate change.  
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Climate change and soil: As a carbon sink 
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Climate change is considered as the biggest threat to our environment, with significant impacts across 
the world. While most of the current discussions on impacts of climate change on agriculture are 
focused on plants and crop production, less is relatively discussed on the impact of climate change on 
soils and soil management strategies to reducethe negative effects. There is a need to have farming 
systems that emit reduced amounts of greenhouse gases (GHGs) and help reversing or slowing-down 
the cause of climate change. Soil management is a crucial aspect of these farming systems proposed to 
mitigate the effects of climate change. The relationship between the soil and climate change can be 
viewed from two perspectives, i.e. the impact on the soil and the soil management strategies for carbon 
sequestration towards the mitigation of global warming and climate change. 
 
Impact of climate change on soil 
Soils are highly variable and therefore, the impact of climate change on a soil would be location specific 
and predicting the impact of climate change on soils in general is a difficult task. The impact of climate 
change on soil can vary according to specific conditions such as: water availability; existing vegetative 
cover; and the biophysical and mechanical features of soil such as friability, compactness, water 
permeability, nutrient content and the number of soil biota. 
 
Climate change could produce heavy rains, floods and prolonged droughts in tropical countries like Sri 
Lanka and could directly affect soils or vital functions associated with it. Increased intensity of rainfall 
may erode valuable topsoil and remove nutrients, which will end up in water bodies and accelerate 
siltation and lower the capacity of water reservoirs. Lack of rainfall will increase the drought risk, 
affecting soil stability and structure and the resulting low soil moisture will lead to failures in plant 
growth.In general, as the temperatures rise, soil moisture decreases if rain or irrigation water is not 
available.  
 
However, under the moderate temperature increases associated with climate change, different 
scenarios may be experienced. Due to the increased levels of CO2 in the atmosphere; enhanced 
vegetative growth may occur (increased photosynthesis) thus facilitating increased soil organic matter 
(SOM). An increase in SOM is highly beneficial as it improves soil physical, chemical and biological 
properties resulting improved plant growth and vegetation.  
 
However, it is highly unlikely that this type of a scenario would occur under tropical conditions like in Sri 
Lanka since the rising temperatures brought about by climate change will cause microorganisms in the 
soils to decompose organic matter more rapidly, releasing extra CO2 and accelerating climate change. 
Therefore, the net effect of climate change will be to decrease stocks of organic carbon in soils, and 
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releasing additional CO2 into the atmosphere and acting as a net source, further accelerating climate 
change.  
 
Soil management towards carbon sequestration  
Good soil management can help to regulate emissions of three key GHGs (CO2, CH4 and N2O) from 
agriculture, which contribute to climate change. Soil has the potential to be an effective regulator of 
climate change by storing carbon and therefore reducing losses of carbon as CO2 to the atmosphere. 
Soils are the largest sink of the global terrestrial carbon cycle holding 1,500 Gigatonnes (Gt), three times 
the amount of carbon in vegetation (~560 Gt) and twice as much as the carbon in the atmosphere (~770 
Gt) (Lal et al., 1995; Kimble et al., 1995). 
 
Carbon sequestration in plants/trees and soils is seen as a primary means to rapidly reduce current CO2 
levels. Soil carbon sequestration is the removal of atmospheric CO2 through photosynthesis to form 
organic matter, which is ultimately stored in the soil as long-lived, stable forms of carbon. Soil carbon 
sequestration is an important and immediate sink for removing atmospheric CO2 and mitigating global 
warming and climate change. An increase in soil carbon could make a significant impact on the amount 
CO2 in the atmosphere. For instance, a 1% increase in organic carbon in the top 20 cm of one hectare of 
a soil with a bulk density of 1.3 g/cm3 represents a 26 t/ha increase in soil carbon which is equal to 95 
t/ha of CO2 sequestered. 
 
Carbon sequestration options in soils under most forms of agricultural management is limited, however, 
farmers can potentially improve and maintain SOM levels by regular addition of crop residues and 
manures or organic materials such as compost. In Sri Lanka, efforts are currently being taken to promote 
the use of organic manure and fertilizers due to high financial cost and serious environmental and 
human health issues associated with the continued use of inorganic chemical fertilizer. Use of organic 
fertilizer and manure would provide the dual benefit of supplying nutrients to crops and the carbon 
sequestration through the buildup of organic matter in soils.  Conservation and maintenance of 
uncultivated areas within arable landscapes as soil carbon sinks, conservation tillage and reducing or 
prevention of soil erosion will significantly contribute to keeping carbon stocks in soils.  The significant 
relationship of land and soil to climate change should be recognized and there should be concerted 
efforts towards carbon sequestration in soil.  
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Every year natural disasters, such as floods, drought and fires challenge the global agricultural 
production, as a result of climate change. Climate change is a change in the statistical distribution of 
weather patterns when that change lasts for an extended period of time. Climate change may refer to a 
change in average weather conditions or in the time variation of weather around longer-term average 
conditions. Climate change is caused by factors such as biotic processes, variations in solar radiation 
received by Earth, plate tectonics and volcanic eruptions. Certain human activities have also been 
significant causes of recent climate change, often referred to as global warming. 

Since agriculture relies on the weather, climate, and water availability to thrive, it is easily impacted by 
natural events and disasters which have been amplified due to the unpredictability of the climate. 
Agricultural impacts of disasters most commonly include: drought, contamination of water bodies, loss 
of harvest or livestock, increased susceptibility to disease, and destruction of irrigation systems and 
other agricultural infrastructure. Even though natural events and disasters can be devastating to 
agricultural production, disaster does not offer an excuse according to environmental laws. 

Mahaweli region and climate change 

Mahaweli project was the largest multipurpose development program undertaken in Sri Lanka. It was 
started in 1970 and has settled 130,000 farmer families and developed 90,000 ha of land for irrigated 
agriculture under the downstream development. The goals of the development program were increased 
agricultural production providing assured irrigation facilities and opening new employment 
opportunities in the agricultural sector with assurance of high standard of living condition and the 
hydro-power generation. Prime task of the agriculture extension in the Mahaweli area is to enhance rice 
production and productivity while promoting crop diversification in the irrigable lands aiming for 
maximum utilization of water, land, and labor and the food security of the country to uplift living 
standard of people in Mahaweli areas. 

Agriculture in Mahaweli areas also has to encounter natural events. Currently, major issue of the dry 
zonal agriculture is the drought in yala season. Drought is a chronic, potential natural disaster, which is 
challenging human survival by affecting the social stability, agricultural production and sustainable 
development of resources and environments. Agricultural drought occurs due to climate change. 
Afterwards all crops will be damaged due to the water shortage at plant root zone. At these times, 
agricultural drought mitigation technologies benefit Mahaweli farmers to achieve their objectives. 
Cultivation under agro-wells was initiated as a technological change to overcome the effect of climate 
change on agriculture. 
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Agrowells to overcome agricultural droughts 

Agro-wells are large dug-wells, which allow larger quantities of water to be extracted at a time, used 
mostly for irrigation of crops. The depth depends on ground water table. It helps to continue the 
cultivation even at drought condition. Cultivation under agro-wells was the major project conducted in 
Mahaweli area to overcome agricultural drought in yala. 

Drip-irrigation is a highly efficient way of watering,by saving time and water. Well-designed drip systems 
use 30 percent less water than other methods of watering. Drip system provides direct water to the root 
zone of plant, where it seeps slowly into the soil. There is almost no water loss through surface run-off 
or evaporation, and soil particles have plenty of opportunity to absorb and hold water for plants. It also 
means very few nutrients leach down beyond the reach of plant roots. Furthermore, since drip irrigation 
delivers water directly to the plants, less is wasted on weeds. The soil surface between the plants 
remains drier, which discourages weed seeds. Hence, water pumps with drip irrigation systems have 
been attached to agro-wells to obtain water efficiently.  

Improved irrigation during yala, enable the production of high-value crops, such as big-onion, red-onion, 
chilies, tomatoes and vegetables, without fallowing. Agro-wells can be used to continue healthy 
vegetable cultivation without water deficit in yala. Abandoned dry areas have been turned into 
productive land. New varieties of crops have opened up continuous marketing opportunities for these 
foods. The production of off-season vegetables has improved the linkages of small and medium scale 
producers in the market as well as strengthened their bargaining power. The productive land has 
enabled households to enrich their diet and supply diverse plants to the local market. Increased income 
has enabled farmers to spend more money on children’s education, clothing and food. Sanitation of 
settlers has also improved due to the assurance of water availability. Therefore, the construction of 
agro-wells is a capital investment that adds value to property because of its use for irrigation and its low 
maintenance costs and as a solution for water shortage due to climate change.  

Food safety and income of farmers in Mahaweli area have been ensured by these drought mitigation 
technologies. All Mahaweli farmers who use agro-wells have positive ideas on facing drought hazards, 
occurring due to climate change. Some improvements should be included to introduce such projects in 
the future. Quality and quantity of yield have been affected by quality of irrigated water. There are 
several water quality parameters such as pH, salinity, temperature and amount of heavy metals which 
have to be checked before irrigating. So, there should be manual or automatic methods integrated with 
drip systems to check and adjust those parameters. These methods will help to keep high quality 
agricultural fields through the water deficit period. 
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VULNERABILITY TO ADVERSE IMPACTS OF CLIMATE CHANGE ON WATER 
RESOURCES IN SRI LANKA:  

A REVIEW 

K.K.E. Perera 
kumudikaerangi@gmail.com 

Introduction 

Sri Lanka, a tropical nation, is highly vulnerable to impacts of climate change (Climate Change 
Secretariat, 2015). These impacts can be vulnerable in all the natural resources. In general, more than 
any other natural resources, water resources are more sensitive and vulnerable to climate change. 
Mostly, climate change adds pressure to existing threats on freshwater resources and water 
management systems. According to the Fourth Assessment Report of the IPCC (2007), the South Asia 
region is highly vulnerable to the adverse effects of global warming and climate change on water 
resources. In this respect, it is important to understand the impacts of climate change on water 
resources in Sri Lanka. Therefore, this paper has focused on discussing the adverse impacts of climate 
change on water resources in Sri Lanka. 

Identified changes in climate of Sri Lanka  

It was found that there is no significant trend in Sri Lanka’s mean annual rainfall (MAR) during the last 
century. However, during 1961-1990, the country’s MAR decreased by 144 mm (7%) compared to the 
period 1931-1960 (Eriyagama et al., 2010). In addition, variability of both annual and seasonal rainfall 
has increased during recent decades (Punyawardena, B.V.R., 2012).Although, no significant changes in 
rainfall amount have been observed in the South-West Monsoon (SWM) and the Second Inter-monsoon 
(IM2), rainfall in the North-East Monsoon (NEM) and the First Inter-monsoon (IM1) has reduced with the 
NEM showing increased variability (Eriyagama et al., 2010). However, the intensity of the two monsoon 
seasons has increased dramatically over the past several decades. Further to this, the frequency of 
heavy rainfall events has also increased. 
 
In addition to the above, recent observations also indicated that there are significant changes in rainfall 
patterns in both the Dry and Wet Zones of Sri Lanka. Considering the period of 1961-2002, it is evident 
that all most of the areas in the Dry Zone show a decreasing trend in the total rainfall (Senalankadhikara, 
S. and Manawadu, L., 2009). Further, the highest decrease of rainfall is observed in the Mahaweli 
catchment areas (Manthrithilake, H., 2012).According to the Department of Meteorology of Sri Lanka, 
the NEM rainfall in Anuradhapura has decreased by 6 percent during the ten-year period of 1999-2008 
(De Silva, C.S., 2012). It shows that climate change effects on NEM rains in North, Central and Eastern 
regions and is taking place at an accelerated pace. The decreasing trend is especially manifest in the Wet 
Zone (Senalankadhikara, S. and Manawadu, L., 2009). For Example, rainfall on the Western slopes of the 
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Central Highlands has declined significantly from 1900 to 2002 due to the reduction in the SWM rainfall 
in this region.  
 
This region has the highest mean annual rainfall in the country, often exceeding 5,000 mm (Eriyagama et 
al., 2010). Therefore, in the country as a whole, the number of consecutive dry days has increased while 
the number of consecutive wet days has reduced. According to the recent analysis of the spatial pattern 
of rainfall indicates an expansion of the Dry Zone (Eriyagama et al., 2010). 
 
The frequency and intensity of extreme rainfall events (especially droughts and floods) have increased in 
recent decades, triggering an increase in natural disasters in Sri Lanka (Punyawardena, B.V.R., 2012; 
Wickramasinghe, K., 2013). The country has already experienced 2 years of serious drought and one 
major flood event within the first 5 years of the twenty-first century and the districts of Ratnapura and 
Kalutara, which are generally flooded once or twice a year, experienced floods four times in 2008 
including one severe event (Eriyagama et al., 2010). Just in the first half of 2016, Sri Lanka experienced 
both abnormally high temperatures and record levels of rainfall. This follows a disturbing trend of 
anomaly over the past decade or so, applying to observable changes in both monsoon behavior and 
extreme events (Munasinghe, M., 2016).  
 
The average rate of increase in temperature from 1961 to 1990 is 0.016 °C per year. Sri Lanka’s 100-year 
warming trend from 1896 to 1996 is 0.003 °C per year, while it is 0.025 °C per year for the 10-year 
period 1987-1996, indicating a faster warming trend in more recent years (Eriyagama et al., 2010). 

Impacts of climate change on water resources in Sri Lanka 

Water is one of the most vulnerable sectors to the impacts of climate change in Sri Lanka (Climate 
Change Secretariat, 2015). Specially, monsoonal weather patterns have a major influence on the spatial 
and temporal variation of water availability within the country (Amarasinghe, A., 2010). Among the four 
main rainfall seasons, the highest quantity of water is supplied by the NEM. However, an increase in 
variability of monsoon rainfall is expected to increase water shortages in the Dry Zone.Therefore, the 
variations in rainfall patterns due to climate change directly affect the water resources of the country.  
Moreover, the availability of water resources is strongly related to the amount and timing of runoff and 
precipitation. Sri Lanka is blessed with 103 small and medium rivers, collecting about 52 billion cubic 
meters of annual surface runoff. In per capita terms, the annual runoff in 2001 was 2,799 m3, which will 
decrease to about 2,232 m3 by 2050 due to climate change. Thus, Sri Lanka is well within the generally 
accepted national water scarcity threshold of 1,700 m3 per person (Amarasinghe, A., 2010). Specially, 
low runoff is affected to reduce the amount of water infiltration into the soil and changes the 
groundwater table. Therefore, affecting a 2 percent change in the air temperature would result in a 
change of runoff by 4-12 percent (Wijesekara et al., 2006). In addition, decreased in rainfall leads to 
reduce the water level of surface water resources. In general, surface water in Sri Lanka is estimated to 
vary from 4 to 5.13 million cubic meters annually (GFDRR, 2011). 
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Natural disasters have also negatively affected to the water resources in Sri Lanka. For example, 
recurrent floods and droughts in the last 5-6 years have directly affected on drinking water in all the 
districts (www.adaptation-undp.org, 18.08.2016). In South-eastern and North-western areas, climate 
change may extend the dry season and droughts of no or very low flows, which particularly affect water 
users unable to rely on groundwater wells in the North-west and tube wells in the South-east of the 
country. Dry Zone is also representative of water stressed areas experiencing erratic seasonal water 
availability. This area is highly vulnerable due to a prolonged drought season, increasing evaporation and 
diminishing precipitation driven by climate change. For example, 80 percent of Dry Zone’s 12,500 small 
tanks are highly vulnerable to rapid drying up (Perera, M.P., 2010). It causes to reduce drinking water 
supplies since village irrigation reservoirs are a key source of drinking water in the Dry Zone. Further, 
water demand and water scarcity are more increased in the Dry Zone. With demand for water 
increasing, supplies of surface water and ground water are already stressed. However, certain districts 
of the Wet Zone are at risk of recurrent floods. Floods cause to reduce water quality as well as increase 
water recharge in these areas.  
 
The current rate of sea level rise in coastal areas of Asia is reported to be 1-3 mm/year (Eriyagama et al., 
2010). Hence, freshwater resources along the coastal zone of Sri Lanka are vulnerable to sea level rise. 
Saltwater moves into freshwater and it reduces in freshwater quality and availability of the country. This 
may force water managers to seek other sources of freshwater or increase the need for desalination for 
some coastal freshwater aquifers used as drinking water supply. In addition, saltwater will move farther 
upstream. Also, drought and dry seasons can cause coastal water resources to become more saline as 
freshwater supplies from rivers and reduced. This may affect urban water supply in future.  

Impacts of changing in water resources on other sectors 

Water is essential for many sectors including energy production, infrastructure, human health, 
agriculture and ecosystems while climate change has important implications on these sectors, 
especially through the hydrological changes, water availability and quality. Specially, water-
dependent sectors are mostly affected by the impact of climate change on the watersector. In fact, Sri 
Lanka depends primarily on its surface water resources for agricultural, domestic and industrial uses 
(Eriyagama, N. and Smakhtin, V., 2010). Therefore, the impacts of climate change on water resources in 
Sri Lanka will mainly affect these sectors as follows: 

Impacts on Agriculture and food supply 

Changes in climate may also influence the water availability and water needs for agriculture (Watts et 
al., 2015). Agriculture is largely sustained by direct rainfall (rain-fed) and irrigation water extractions 
from rivers and cascade systems in Sri Lanka (Eriyagama, N. and Smakhtin, V., 2010). The two principal 
crops of Sri Lankan agriculture, rice and tea are both highly influenced by variations in temperature and 
rainfall. Specially, Sri Lanka’s main subsistence agriculture is paddy cultivation. Paddy cultivation is highly 
susceptible to variations in air temperature, rainfall, soil moisture and increases in the intensity and 
frequency of extreme events. During the past few decades, paddy production has been destroyed either 
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by severe rainfall or the lack of timely rain (Senalankadhikara, S. and Manawadu, L., 2009). For Example, 
the rainfall during Yala season (May- August) has been decreased during the past ten years (1999-2008) 
when compared with the base line of 1961-1990 (De Silva, C.S., 2012).  
 
Irrigation is by far the highest water use sector in Sri Lanka, accounting for 92 percent of the water 
withdrawals in 1991 and still is high at 90 percent in 2000. At the present rate of growth, Sri Lanka’s 
population will peak in the early 2040s, with an addition of 15 percent to the population. If the present 
self-sufficiency levels of different crops are to be maintained and the present level of crop productivity 
persists, the irrigation demand for meeting food demand for this maximum population could increase by 
at most 15 percent (Amarasinghe, A., 2010). In addition, the average paddy irrigation water requirement 
during the Maha season will increase by 13 percent to 23 percent by 2050 compared to that of 1961-
1990. Irrigation water requirements for other field crops cultivated in the Dry and Intermediate Zones 
during the dry (Yala) season will also significantly increase (Eriyagama, N. and Smakhtin, V., 2010). 
 
Moreover, as results of floods and droughts, both extremes, i.e., water scarcity and excess water have 
become a recurrent problem faced by crop production in Sri Lanka. Under such situations, crop losses 
due to decreased soil moisture and excess water, both in terms of quality and quantity are inevitable 
(Punyawardena, B.V.R., 2012). In fact, Sri Lanka’s mean temperature may increase by approximately 0.9 
- 4 0C by the year 2100 (Eriyagama et al., 2010). Therefore, evaporation will also increase. Increased 
evaporation is affected to reduce soil moisture and decline water quantity in the Dry and Intermediate 
Zones. In addition, affects to the freshwater availability in all climatic zones further reduce water 
supplies for agriculture and it may reduce food supply.  

Impacts on Energy Production 

Climate-induced water scarcity has implications on energy security of the country as well. During 2000-
08, hydroelectricity is estimated to have contributed 43 percent on average to the national electricity 
supply. However, a lack of adequate water in the country’s major reservoirs, thus leads to a reduction in 
hydropower generation (Wickramasinghe, K., 2012). For Example, 34 out of 58 major reservoirs were 
below 25 percent of their full capacity due to drought in 2003 (Dhanapala, A.H., 2011). According to 
that, climate change may lead to reduce energy production of country.  

Addition to agricultural and energy sectors, many other sectors such as infrastructure, ecosystems, 
tourism etc. put pressure on water resources, stresses that are likely to be exacerbated by climate 
change in future. 

Conclusions 

Sri Lanka is one of the most vulnerable countries in the world to adverse impacts of climate change on 
water resources. Climate change affects to the water resources in several forms. In many areas, climate 
change will be likely to increase water demand while shrinking water supplies. In some areas, it can 
reduce the quality of water and damage to the deliver water. Specially, Intermediate and Dry Zones are 



84

mainly affected to the impacts of climate change on freshwater. Climate change also affects 
groundwater recharge and discharge rates, as well as groundwater quality. Therefore, dealing with 
water is an important part of adaptation to climate change. In addition, there a need for good 
practices for adaptation to climate change into sustainable development planning in the country.  
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foaY.=K úm¾hdihka lDñ i;=ka flfrys flfia n,mdhs o@ 
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foaY.=‚l úm¾hdihka úúO mßir moaO;Ska ;=, Ôj;a jk Ôùka yd Tjqka tlsfkld w;r we;s 

wka;¾l%shd flfrys úúO wdldrfhka n,mdhs' fuf;la y÷kdf.k we;s iuia; iÔù m%cdfjka 80]lg;a 

jvd iukaú; jkqfha lDñ i;=kaf.ks' tfiau Tjqka mßir moaO;sfha uQ,sl jHqyh yd l%shdldÍ;ajh 

ksfhdackh lrk ksid fulS foaY.=‚l úm¾hdihkaf.a Rcq yd jl% n,mEug wka lsisÿ Ôù fldgilg;a 

jvd Tjqka ,la fõ' Ydl NlaIlhka" mrd.kh lrkakka" úf,damslhka" f,i mßir moaO;Ska ;=, b;d 

jeo.;a ld¾h Ndrhka lDñ i;=ka úiska bgqflfrhs' fï ksid lDñ i;=kaf.a Rcq n,mEï iys; îc 

jHdma;sh yd mrd.Kh wd§ l%shdj,Ska flfrys foaY.=‚l úm¾hdihka ;Èka n,mdkq we;' 

foaY.=K úm¾hdifha iajrEmhka jk" fjkia WIaK;aj l<dmhka ks¾udKh ùu" jdhqf.da,Sh ixhq;sfha" 

idudkH jdhqf.da, WIaK;ajh yd j¾Idm;k rgdfõ fjkia ùïj,g m%;s;spdr f,i lDóka úúO 

wkqj¾;khka uÕska WÑ; mßÈ yev .eiSu  fyda  mßirfhka bj;aù hdu isÿ úh yel' lDóka f.a flá 

Ôjk pl%" by< m%ckk yelshdj yd fõ.fhka me;sÍ hdfï yelshdj fya;=fjka" by< hk mßir 

WIaK;ajh ksid we;sjk ldhsl úoHd;aul fjkiaùï ksid lDókaf.a .yKh blaukska fjkia fjhs' >¾u 

l<dmSh rg j, isák lDñ úfYaIhka Tjqkf.a by< mßjD;a;Sh l%shdldÍ;ajh yd jvd fõ.fhka fnda ùfï 

yelshdj ksid jvd ;Sj% f,i fï ;;a;ajhg uqyqK fohs' 

fí,a ^2002& § i|yka lr we;s mßÈ" WIaK;ajh by< hdu lDóka flfrys Okd;aul f,i fyda RKd;aul 

f,i n, mE yelsh' lDókaf.a Ôjk pl%h iïmQ¾K lsÍug .;jk ld,h" .yK >K;ajh" m%udKh" 

cdkuh ixhq;sh" Odrl Ydl fidhd .ekSfï yelshdj" ldhsl úoHdj fyda yeisÍu u; fyda" jl%dldrj 

Tjqkf.a Odrl Ydl yd iajdNdúl i;=rka yd jHdma;sh wd§ idOl u; WIaK;ajh n,mdhs' lDóka fuu 

mßir fjkig blaukska m%;spdr olajñka wka;¾ yd wka;x úfYaI wka;¾l%shd ie,lsh hq;=f,i fjkia 

lr .kq we;' 

mdñika ^1999& fmkajd fok mßÈ" f.da,Sh WKqiqu by, hdu ksid" oekgu;a we;eï iuk," l=reñ‚" n;a 

l+re yd ;K fld< fm;s úfYaI by< Wkak;dxY j,g ixl%uKh ù we;' iuyr hqfrdamSh iuk, úfYaI 

WKqiqu wvq W;=re l<dmhg jHdma; ù we;' fld,afj,a 2008 § l< wOHhkhlg wkqj fï wdldrfha 

ixl%uKh ùï >¾ul<dmSh rgj,a i|yd o wod,h' fï wdldrfhka foaY.=Kfha fjkia ùï iuÕ ;u 

jHdma;sh fjkia lr .ekSug wmyiq lDñ úfYaI j| ù hdfï ;¾ckhg uqyqK fokq we;s njo m%ldY ù 

we;' 

f.da,Sh WKqiqu jeä ùu fya;=fjka Ydl j, u,a yg .ekSu wd§ l%shdj,Ska m%udo ùu fyda blauka ùu 

fya;=fjka" Ydl iy lDñ i;=ka w;r we;s wka;¾l%shdjka fjkia ùu isÿ fõ' we;eï lDókaf.a Ôjk 

pl%h iïmQ¾K ùug" fulS wka;¾l%shdjka ksjerÈ ld, jljdkqfõ§ isÿ ùu w;HdjYHh' tfia isÿ 

fkdùfuka fuu Ydl - i;aj iïnkaO;d iy mßKdñl l%shdj,Ska ì| jefgkq we;' lDóka hkq fndfyda 

mßir moaO;Ska j, b;du jeo.;a ixrplhla ksid mßir moaO;sfha wfkla Ôùkaf.a Ôjk rgdjka lDñ 

úfYaI j, Ôjk pl%h iuÕ .e,fmk f,i iajNdjfhkau ilia ù we;' WodyrKhla f,i" hï mßir 

moaO;shl o<Uq .yKh by, hk ld,h" tu o<Uqjka u; hefmk l=re,a,ka ìcq j,ska t<shg tk ld,h 

yd .e,fmk f,i ilia ù we;' fï ksid fï l=re,a,kag wdydr ysÕhla we;s fkdjk w;ru o<Uq 

.yKho wkjYH mßÈ by< fkdhkq we;' kuq;a mßir WIaK;ajh by< hdu fya;=fjka fulS o<Uqjka 

blaukska Ôjk pl%h iïmQ¾K l< yel' fuys§ by; l=re,a,kg id.;hlg uqyqK §ug isÿ jk w;r" 

wkjYH f,i by< hk o<Uqjka úiska Tjqkf.a Odrl Ydlh o kej; m%;sia:dmkh l< fkdyels jk 

;rug ld oud úkdY flfrKq we;' tys wjika m%;sM,h f,i mßir moaO;Ska wvd, ùu mjd isÿ úh 

yel' 
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wd¾Ól úoHd{hka idudkHfhka mjik mßÈ ÈhqKq rgj, lDIs ksIamdokfhka 10] muK yd ÈhqKq fjñka 

mj;sk rgj, tlS ksIamdokfhka 25] muK m%udKhla jd¾Islj lDóka úiska ydkslr úkdYlr oukq 

,efí' 

fuu ydksh" foaY.=K ;;a;aj fjkia ùu iuÕ ;j ÿrg;a jeä jkq we;ehs lDIs úoHd{fhda wk;=re yÕjd 

isá;s' fuhg fya;=j kï" mdßißl fjkia ùï fya;=fjka iajdNdúl i;=rkag jvd jdisodhl ;;a;ajhla 

lDñ m<sfndaOlhkg we;s ùuhs' by< hk mdßißl WIaK;ajh yd ta fya;=fjka jeä jk wd¾ø;djh ksid 

lDókaf.a j¾Okh yd me;sÍu fõ.j;a flf¾' lDóka kj m%foaY lrd jHdma; ùu Tjqkaf.a ixLHdfõ 

j¾Okh yd tla jQ l< th lDñ —wdl%uKhlã  f,i ie,lsh yel' lDñ m<sfndaOlhskaf.a ydksh yd frda. 

jdyl lDñ .yKh jeäj;au m<sfndaOkdYl Ndú;ho ta wkqj jeä lsÍug isÿ ùfuka" tys wys;lr 

n,mEï  jl% wdldrfhka ñksidg o mßir moaO;Skago jeä jeäfhka t,a, jkq we;' 

msá ul=Kd Paracoccus marginatus (Papaya mealy bug& hkq 2008 iy wdikak j¾I j, b;d oreKq f,i 

Y%S ,xldfõ m,;=re fNda. we;=¨ fjk;a j.djka /ilg ydks meñK ùug iu;a jQ lDñ m<sfndaOlfhls' 

fuu m<sfndaOlhdf.a .yKho WIaK;ajh wd§ mßir idOl u; r|d mj;sk neõ fmkS f.dia ;sfí' 

tfiau fulS lDñhdf.a .yKh b;d wêl f,i tl jru by< hdug;a" mdßißl idOlj, n,mEula 

;sìh yelsh' idudkHfhka mßirfha iu;=,s; ;;a;aj hgf;a Ôj;ajk lDñ i;l= úúO mßir ;;a;aj 

fjkia ùï yuqfõ ;u .yKh wêl f,i by< kxjñka" m<sfndaOlhl= f,i yeisÍu idudkH 

ixisoaêhls' 

by; fya;+ka ksid foaY.=‚l fjkia ùfï n,mEu lDñ m%cdj u; we;s lrk mSvkh iuia; f,dalfha 

mßir moaO;Ska u; yd udkjhd u; fkdfhla wdldrfha Rcq yd jl% n,mEï t,a, lrk nj fmkS hhs' 

 

wdY%s; .%ka: 

Colwell R.K., RangeModel: tools for exploring and assessing geometric constraints on species richness (the mid-
domain effect) along transects. Ecography 31:4–7, (2008) 

Poleward shifts in geographical ranges of butterfly species associated with regional warming, Camille Parmesan, 
Nils Ryrholm, Constantí Stefanescu, Jane K. Hill, Chris D. Thomas, Henri Descimon, Brian Huntley, Lauri Kaila, 
Jaakko Kullberg, Toomas Tammaru, W. John Tennent, Jeremy A. Thomas & Martin Warren, Nature 399, 579-
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Potential use of native fig trees in reducing the risk of wildlife food scarcity 
under changing climate 

Sarath. P. Ekanayake 
Centre for Applied Biodiversity Research & Education (CABRE), sekanayake@gmail.com 

 

Figs are botanically grouped as Ficus plant species belonging to Moraceae family. In Sri Lanka, there are 
23 Ficus species distributed almost all over the country: hill country, dry lowlands, wet lowlands and 
coastal areas. Ficus shows diverse life forms ranging from massive trees to small climbing plants. Sacred 
Bo tree (Ficus religiosa) and Mahanuga (Ficus benghalensis) are well known and familiar fig trees found 
in villages as well as in urban areas.Both trees are sacred trees in India and Sri Lanka and represent two 
of Atavisisi Bodhi trees (28 scared Bodhi trees) worshiped by people. Legends says that Ficus 
benghalensis is the 27th Bodhi tree under which the Kassapa Buddha (27th Buddha) attained 
enlightenment and Ficus religiosa is the 28th Bodhi tree under which the Gauthama Buddha (28th 
Buddha) attained enlightenment. Extracting of natural dye from bark of Ficus benghalensis is an old 
cultural practice in Sri Lanka. The dye is exclusively used for giving a brownish-red color to robes of 
Buddhist monks.  

Tropical fig trees are considered as keystone species on account of its exceptional role in providing 
wildlife feeding resources and habitat requirements for a number of wild animals. Studies have shown 
that an array of wild animals are sustained by fig trees, which include from tiny wasps, ants and 
butterflies to many kinds of fruit eating birds, squirrels, bats, civet cat, sloth bear and elephant. In Sri 
Lanka, apparently, there is no other kind of tree providing that much silent services for the well-being of 
wild life as far as the diversity of resource seeking animals flocking around figs is considered . 

The changing climate over the years is depriving wild life feeding resources in many direct and indirect 
ways. Observations on chain reaction of climate change clearly show that wildlife is facing the risk of 
scarcity of feeding resources due to several factors. Among them, drought, forest fires, industrial 
agriculture and forestry that replace lands with wildlife resource, poor vegetation, spread of alien 
invasive plants, expansion of urban landscape with no suitable plants having quality wild life feeding 
resources and man induced forest degradation are prime factors that affect wildlife in slow-onset 
manner but with serious impacts on our native biodiversity. Therefore, it is high time to think of climate 
change adaption avenues to manage the risk of wildlife food scarcity, using low cost and indigenous 
solutions. In this regard, native fig trees are ideal candidates to put into service in mitigating climate 
change impacts on wildlife food supply. Several of our native fig trees have superb plus characters in 
terms of resource value for wild life affected by climate change. They are briefly,       

(a). ability to grow in almost all climatic zones of Sri Lanka, including in extreme dry areas,  

(b). ample supply of nutritious fruits, especially during periods when no other fruits are available  
for dependent wild life ( It is predicted that a decline of series of wildlife populations can take  
place if such keystone resources were removed),  
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(c). massive size of fig trees which makes it a massive store house of wild life feeding resources,    

(d). ability to be used in urban planting as well as in restoring forests for enhanced biodiversity, and 

(e). ability to last longer, often several hundred years, supporting wildlife even in urban areas.  

Considering the usefulness to native wildlife and practical ground realities of our country, the following 
native fig species are suggested for widespread introduction to localities where wildlife feeding 
resources are in short supply, both in urban and natural landscape.  

Ficus benghalensis (Mahanuga or Banyan) - The tree can thrive well both in dry and wet localities except 
in the hills. This massive fruit bearing tree is capable of developing the world largest canopy cover by a 
single tree. More fruiting observed in August-September period.  

Ficus drupacea (Boonuga) - A large fig tree, with good wild life food supply preferring wet zone and 
intermediate zone of Sri Lanka. Fruiting can be seen both in dry periods (August-September) as well as 
wet periods (January-February). 

Ficus microcarpa (Laurel fig) - Another large fig tree that is well adapted to coastal areas and dry 
country. Fruiting can be seen both in dry and wet seasons, August-December period.  

Ficus fergusoni (Kosgonna) - A wildlife resource fig tree endemic to Sri Lanka found in hill country; often 
seen in association with tea plantations. Fruits are available many months of the year with no apparent 
seasonality. 

Moreover, Ficus virens, Ficus caulocarpa and Ficus costata are also useful figs found in both wet and dry 
areas. Ficus mollis (Wal Aralu) provides good wildlife feeding resources in dry and rocky areas where few 
plants can grow.  

It is well known that wildlife food supply is highly exposed to disruption from increasing extreme 
weather events driven by climate change. Wild animals are already struggling to cope with more 
frequent and intense droughts and changing weather patterns. Drought is the most catastrophic natural 
event that causes widespread periodic wildlife food shortages in Sri Lanka, but it is by no means the only 
natural hazard facing animals. Periodically, floods afflict localized parts of even the driest areas. Drought 
diminishes dietary diversity and reduces overall food consumption of wild animals. In the wake of such 
crises, Ficus can play a bigger role as food safety nets, helping more vulnerable biodiversity. Ficus fruits 
are available both during dry and wet seasons in several species, hence a natural insurance system 
against wildlife food insecurity. Ficus being a keystone resource on account of its significant role in 
sustaining diverse groups of animals interconnected through a well-functioning food web, the plant 
itself form a mini ecosystem. Add to that, the massive Ficus trees can withstand extreme climate events 
such as droughts and floods.   
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Figure: Ficus benghalensis (Mahanuga or Banyan) with its characteristic root system.  

Fig trees can be propagated easily using stem cuttings or seeds. Possible applications of figs in climate 
response interventions in wild life sector may involve a variety of ways such as improve wildlife carrying 
capacity of degraded forests, connect fragmented forests through 'habitat stepping stones' and sustain 
urban biodiversity. In this regard, promotion of figs needs to be a component of climate smart 
management plans under Department of wildlife conservation, Forest Department, Urban Development 
Authority and Road Development Authority. Considering the ecological role of fig trees as a safety net to 
climate affected wildlife, legal refinements can be considered for giving some protection to selected 
keystone fig species. Meanwhile, an enhanced understanding of the role of figs through appropriate 
research could be accelerated. Awareness on useful native figs needs to be an important activity 
touching upon policy arena as well as down to earth community. Furthermore, given the deteriorating 
situation of wildlife feeding resources under changing climate, it is suggested that necessary actions are 
put in place, not only by state agencies but also by non-government organizations and wildlife 
enthusiasts in order to sustain a healthy population of wildlife both in human landscape and natural 
landscape.  
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Palaeoecological reconstruction of the Pleistocene climate of Sri Lanka 

Hasula Wickremasinghe 
Climate Change Secretariat, Ministry of Mahaweli Development & Environment.  hasulaw@yahoo.com 

 

Introduction 

The Pleistocene epoch lasted from 2- 1.67million to 12,000- 10,000 years BP. The evolution of modern 
man in Africa and his dispersal / migration to other countries; the extinction of certain animals due to 
hunting or natural catastrophe; the production of stone tools (evolution of technology); the 
development of human settlements and domestication of both flora and fauna occurred during the 
Pleistocene. Of the flora and fauna that existed during the Pleistocene whilst some became extinct 
others exist upto the present time. 

The glacial and inter glacial periods brought in changes of sea levels. Until 15,000BP  land bridges existed 
connecting Sri Lanka, India and East Asia. Thereby, fauna could disperse from one land to another. For 
example, the Spotted deer (Axis axis) thrives in both India and Sri Lanka. 

The survival in some countries of animals that are extinct in others raises much doubt as to whether any 
geological epoch ever affected the entire earth simultaneously to an equal degree since animals that are 
known only from their fossilised remains in the temperate countries are found as living species towards 
the equator and vice versa. It can be assumed that climatic changes producing their extinction and 
characteristic geological deposits, could only affect one part of the earth at a time. Hence, when another 
new change commences, it influences one part and its climate spreads into some other region which 
thereupon supports similar fauna and flora and produces similar deposits.  

Faunal and floral remains in excavations done in caves in the Wet Zone and from open air settlements in 
the Dry Zone facilitate in reconstructing palaeoecological environments. 

Reconstruction of Pleistocene climate in Sri Lanka 

The island has been subjected to at least four major uplifts during Jurassic, Miocene, Pliocene and 
Pleistocene times which broke up its sedimentary beds and altered its topography (Cooray, 1984). As a 
result, the earlier sedimentary deposits have disappeared from the greater part of Sri Lanka while the 
youngest, the Pleistocene ones, have survived these changes better and are best in evidence in the 
strike valleys of the province of Sabaragamuwa. 

Dr.P.E.P.Deraniyagala studied the faunal remains in the sedimentary beds and identified both extinct 
and extant fauna. A majority of the extinct mega fauna was found in the excavations of gem pits, whilst 
other fauna was found in the excavations of caves which was inhabited by man. 
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Sri Lanka’s extinct fossil fauna, which is termed the ‘Ratnapura Fauna’ is a branch of the Indian Shivalik 
which has accumulated in troughs. These are the youngest fossil deposits in the Island the oldest being 
the Jurassic and Miocene ones (Deraniyagala, 1958). 

The chief index animals for the Pleistocene in Asia are the six incisored hippopotamus (Hexaprotodon), 
the ridge-browed elephants (Hypselephas hysudricus and Palaeoloxodon namadicus), the Asian elephant 
(Elephas maximus), the cervid genera (Axis, Rusa), the bovine genera (Bos, Bubalus, Bibos) and the 
various species of man (Pithencanthropus, Homo). 

The following Table 1 contains a list of species found in the gem pits in the Ratnapura area. Most of 
these species or their evolved species are to be found existing today. But, some of these fauna are 
extinct from Sri Lanka. In comparison with the environment of the extant species, the 
palaeoenvironment can be surmised. 

Table:  1 List of some key fossil fauna found in the gem pits at Ratnapura and their surmised 
biogeographical condition 

Some key fossil faunal Species Extant species Environment/ biogeographical 
condition 

Callianassa sp, Scylla serrata, 
Macropthalmus latreillei 

Marine crabs Inhabits burrows in muddy 
estuarine shores. 

Paludomus sp. (Freshwater 
snails) 

Paludomus sp. Streams, moist mid-hills 

Acavus sp. (Tree snail) Acavus sp. Forests, moist mid-hills 

Melanochelys trijuga sinhaleyus 
(Black turtle) 

Melanochelys trijuga Swamps and lakes 

Trionyx punctatus sinhaleyus 
(soft shelledterrapin) 

Lissemys ceylonensis  Swamps and lakes 

Crocodylus sinhaleyus (Crocodile) Crocodylus porosus 

Crocodylus palustris 

Swamps and lakes 

Hystrix sivalensis sinhaleyus 

(Porcupine) 

Hystrix indica Savannah with rocks and forest 

Cuon javanicus sinhaleyus (wild 
dog) 

Cuon alpinus(in India) Savannah with rocks and forest 

Palaeoloxodon namadicus 
sinhaleyus (Elephant) 

Elephas  Savannah with rocks, ancient 
marshes, streams and forest 
(semi arid) 
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Hypselephas hysudricus 
sinhaleyus (Elephant) 

Elephas Savannah with rocks, ancient 
marshes, streams and forest 
(semi arid) 

Elephas maximus sinhaleyus 
(Elephant) 

Elephas maximus maximus Savannah with rocks, ancient 
marshes, streams and forest 
(moist) 

Rhinoceros sinhaleyus 
(Rhinoceros) 

Rhinoceros sp. (no longer in Sri 
Lanka) 

Savannah with rocks, streams 
and forest (moist) 

Rhinoceros kangavena 
(Rhinoceros) 

Rhinoceros sp.  (no longer in Sri 
Lanka) 

Savannah with rocks, streams 
and forest (moist) 

Sus sinhaleyus (Wild boar) Sus scrofa Savannah with rocks, streams 
and forest (moist) 

Hexaprotodon sinhaleyus 
(Hippopotamus) 

Hippopotamus sp + Choeropsis 
sp. . (no longer in Sri Lanka) 

Savannah with rocks, streams 
and forest (moist) 

Muva sinhaleya (Deer) Extinct Savannah and scrub forest (semi 
arid) 

Rusa (Sambur) Rusa sp. Mountains and forest (moist), 
lowland dry zone (semi-arid) 

Bibos sinhaleyus (Gaur) Bibos sp.  (no longer in Sri Lanka) Mountains with savannah tracts 
and forest (moist) 

Gona sinhaleya (Buffalo) Extinct Savannah and forest with 
streams and lakes (moist) 

Panthera leo (Lion) Panthera leo  (India, Africa) Savannah with  streams and 
forests 

Panthera tigris (Tiger) Panthera tigris  (no longer in Sri 
Lanka, widely distributed in Asia) 

Savannah with  streams and 
forests 

Homo sinhaleyus (Human) Not 
valid species 

 Savannah with rocks, streams 
and forest (moist) 

Homopithecus 
sinhaleyus(Human) Not valid 
species 

 Savannah with rocks, streams 
and forest (moist) 

*Homo sapiens balangodensis 
(Human) 

Homo sapiens Savannah with rocks, streams 
and forest (moist) 

*Has been later identified as Homo sapiens by Kennedy. 
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The flora of the Pleistocene is known from 10 species (Table 2). This indicates that it was not very 
different to the existing one although, probably different in the manner of zonal distribution and relative 
abundance since the palaeofauna suggest the prevalence of savannah conditions with rocks, streams 
and areas of rain forest, for a considerable period. 

Table 2. The species of the fossil Ratnapura flora known from the gem sands (from Deraniyagala, 1940, 
1958, Puri, 1941) 

Scientific name Common name (Sinhala) 

Alsophila zeylanica Pini Baru 

Bambusa vulgaris Bambu 

Ochlandra stridula Bata 

Onchiosperma fasciculata Katu Kitul 

Elaeocarpus subvillosus Gal Veralu 

Myristica dactyloides Malaboda 

Canarium zeylanicum Kakuna 

Coscinium fenestrum Veni Val 

Caryota urens Kitul 

Wrightia flavodorosea  

 

By these fossils and their palaeoenvironment, P.E.P.Deraniyagala (1958) surmised that the Pleistocene 
climate consisted of three distinct phases termed Ratnapura Phase, Palagaha Turai Phase and Colombo 
Phase (Early Holocene). 

The Ratnapura Phase was characterised by wet and cool climatic conditions. The fossil beds from this 
stage contain lake dwelling animals such as the hippopotamus (Hexaprotodon) and aquatic vegetation 
suggestive of large lakes and swamps.  The Palugaha Turai Phase is represented by highly oxidised red 
earth and wind blown sands suggesting a dry and arid period, overlying the beds of the Ratnapura 
Phase. The Colombo Phase is essentially of the Early Holocene Age, during which conditions became 
wetter and stabilized themselves in the climatic conditions experienced today. 

In a palaeoecological reconstruction of climates and biota by S.U. Deraniyagala (1992) 6 ecological zones 
were identified.  A study of the Tree Snail Acavus sp which is a predominantly Wet Zone species in caves 
such as Kuruvita Batadombalena and Belilena Kitulgala followed by Alulena at Attanagoda and Pothgul 
lena at Alawala indicate that moisture conditions during this time-span of Late Upper Pleistocene to 
early Holocene was scarcely drier than those climatic conditions of  today. Fossils of spotted deer, lion 
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and water buffalo (who are mainly dry zone species) in the Ratnapura Beds suggests that during certain 
episodes in the Pleistocene,  the lowland wet zone of Sri Lanka showed relative aridity resulting in a 
biome that was ‘dry’ (Perera,2010). 

Climatic stability is implied in the continuity of Acavus molluscs in excavation layers, which suggests that 
the climate of Sri Lanka’s Wet Zone remained fairly stable during the final millennia of the Pleistocene. It 
further suggests that the temperatures were not significantly different from that of today and would 
have been averaging no more than 5⁰C below present conditions. (Kennedy et al., 1989) 

Prematilleke and Risberg (2003) conducted a pollen and spore study of peat in Horton Plains National 
Park.Siliceous microfossils such as phytoliths, diatoms and chrysophyte stomatocyst were also separated 
from the material. These assist to identify specific groups of plants which existed during that time. 
Further, by carbon dating this material, time ranges can be determined. 

Taxa such as Chenopodium sp.and Gomphrena sp which are xerophytic vegetation and represent semi 
arid climates, and Syzygium sp which thrive in high moisture conditions, represent a humid 
environment.   

Further, this study revealed that the climate of Horton Plains (Central Highlands) indicates the presence 
of an arid climate in the Late Pleistocene.  They identified an increase in precipitation by the presence of 
a predominantly montane environment between 12,000-11,000 BP. A further change was depicted 
during the Holocene. It indicates an increase in precipitation in the intervals during 8000 -7000 and 
4000-3000 BP and an arid phase from 6000-5000BP and also another short wet phase around 600BP. 

Conclusion 

From work on palaeoecological done by researchers (figure 1), it can be concluded that the climate of Sri 
Lanka fluctuated between wet and dry phases. This correlated with similar evidence of climate change in 
South India. Further, the temperatures for the past millennium were 5⁰C less than today’ 
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Palaeoloxodon namadicus 

 

Hexaprotodon sinhaleyus (Hippopotamus) 
© Kelum Manamendra-arachchi 

Rhinoceros sinhaleyUS (RHINOCEROS) © 

Kelum Manamendraarachchi 
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foaY.=K úm¾hdi n,mEïj,g  wkqyqreùu Wfoid jQ W;=reueo úh<s l,dmSh 
t,a,x.d moaO;sh wdY%s; foaYSh oekqu 

.dñ‚ .uf.a 
aubowan.gamini@yahoo.com 

;=,H ld, mßÉfþohla ;=, yg.kakd iajNdúl foaY.=‚l úp,H;djh iy mD;=úh jgd msysá jdhqf.da,Sh 

ixhq;sh fjkialrk udkj l%shdldrlïj, iajNdjhg Rcqju yd jl%j n,mdk foaY.=‚l fjkiaùu 

foaY.=K úm¾hdi f,i fmdÿfõ yÿkajd Èh yelsh' tfukau foaY.=‚l biõ ^Events& j, m%Óm, j, 

jdish ,nd .ekSu ms‚i jeä ÈhqKq lsÍu" ixj¾Okh lsÍu yd l%shd;aul lsÍu u.ska by;  m%Óm, j, 

we;s wys;lr iajNdjh n, lsÍug fyda wvq lsÍug yd uev,Sug wjYH  Wmdhud¾. iys; l%shdj,sh 

foaY.=‚l n,mEïj,g wkqyqreùu f,i yeÈkaúh yelsh'  

È.= ld,hla ;siafia ia:dmkh jQ ixialD;shla iys; rgl fyda ck iudchl ld,dka;rhla ;siafia ,sÅ;j 

fyda nia jyßka mrïmrdfjka mrïmrdjg iïfm%aIKh jQ oekqï iïNdrh foaYSh fyda mdrïmßl oekqu 

f,i fmdÿfõ yÿkaj Èh yelsh' w;S;fha§ bkaÈhdj" Ökh we;=¿ fmrÈ. l,dmh ;=, fndfyduhla oekqu 

uq,skau f.dvke.=Kq w;r tajd ngysrg ixl%uKh ù hï;dla ÿrg ngysrlrKh ;=,ska ;=kajk f,dalhg 

kej;;a bÈßm;aù we;' fuf,i ixl%uKh fkdjQ oekqï iïNdrh ;u l,dmhg wod, iqúfYaIS foaYSh 

oekqu f,i ;jÿrg;a mj;skq we;'  

Èjhskla jYfhka msysgd ;sîu yd m%Odk NdIdj tu Èjhskg muKla iSudùu ksido" foaYSh oekqu NdIdj 

;=, .eíù we;s ksido Y%S ,xldj i;= foaYSh oekqu f,dalfha wo mj;sk iqúfYaIS foaYSh oekqï iïNdrhla 

fõ' mqrdK ld,fha foaYSh oekqu f,aLk.; lsÍula fkd;snQ ksido" f,aLk .; l, foaYSh oekqu jqjo 

úúO .egmo yd moH ;=,ska msgia;rhkag  f;areï .ekSug fkdyels ùu ksido ;u foaYSh oekqu ;j 

ÿrg;a Y%S ,xldj yd wod, ck iudchg fyda m%ùKhkag muKla iSud ù we;'  

úh<s l,dmSh /,s ìï iys; N+ úIu;dj Wmfhda.S lr ksïkhl c, neiSu tljru Rcqj isÿjk 

wdldrhg tys by, fl,jf¾ msysá jejlska fyda jeõ 2-3 lska mgka f.k c, ksïkfha my, fl,jr 

olajd jejlska jejlg ^l=Uqreìï yryd& .,d hk wdldrhg msysá ksïkhla t,a,x.dj f,i yeÈkaúh 

yelsh' fuu t,a,x.djka jeämqru msysgd we;af;a úh<s l,dmSh rcrg m%foaYfhah' W;=reueo m<df;a we;s 

m%Odk .x.d ksïk 9 YdLd .x.d føda‚ 50lska iukaú;h' ta ish,a, h,s t,a,x.d 457 lg fnod oelaúh 

yelsh^mdkfndlafla 1990&  

t,a,x.d moaO;sh wdY%s; foaYSh oekqu" w;S;fha§ ks¾udK ìys lsÍu ioyd fhdodf.k we;s foaYSh oekqu" 

foaY.=Kh mqfrdal:kh lsÍu ioyd ck iudch i;= foaYSh oekqu iy wkqyqre ùfï l%shdjka l%shd;aul 

lsÍfï§ fhdod.kakd foaYSh oekqu hk wdldrhg fldgia ;=klg fnod oelaúh yelsh'  

t,a,x.d moaO;sh iys; fuu m%foaYj, m%Odk Ôjfkdamdh jkafka lDIsl¾uhhs' foaY.=K úm¾hdij, 

m%Odk n,mEï jYfhka ksh`.h yd .xj;=r bÈßm;a l<yels w;r fuu n,mEï j,g fya;=jk wdka;sl 

;;ajhka olajd j¾Idj wvqùu fyda jeäùu" wl%uj;a jHdma;sh wdÈho iq<. jeks ld,.=K idOlj, 

wys;lr ;;ajhka hk wdÈh u. yeÍu i`oyd o foaYSh oekqu fhdodf.k we;'  

t,a,x.d moaO;sh ;=, jQ m%Odk wx. f,i l=¿jeõ" uqÿka we," Wv;a;dfõ jeõ" hg;a;dfõ jeõ" YdLd uqÿka 

we," yskak" we,jl" f.dvj, jeõ hkdÈh yÿkajd Èh yelsh'  

t,a,xld moaO;sh ;=, f.dvke.=k W;alDIag  N+ñ mßyrK rgdjla f,i Y%S ,xldfõ mqrdK ld,Sk jeõ 

.ï ixl,amh bÈßm;a l, yelsh' jeõ .ul m%Odk wx.hka jkafka .iaf.dïuk" fmryk" 

biajeáh$fmdagdjeáh lsjq,a we," lÜgldKqj" uyfj," l=re¿md¨j" .ïf.dv" úydria:dkh hk tajdh' 

fuhg wu;rj t,a,x.d moaO;sh ;=, msysá jeõj, olakg ,efnk ìfidafldgqj iy moaO;s tlsfklg 

hdlrk fhdaO we<o foaYSh oekqu Ndú;fhka f.dvke.=Kq iqúfYaIS ks¾udK fõ' 
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l=vd jejla iys; mßir moaO;shl wx. 

 

w;S;fha isÿlr we;s ks¾udK ioyd Ndú;dlr we;s tla tla foaYSh oeKqu ms<sno i,ld ne,Sfï§ 

t,a,x.dfõ we;s tla tla wx. j,g fhdodf.k we;s foaYSh oeKqu tu.ska isÿlr we;s wkqyqre ùfï 

l%shdj,sh ms<sn`o meyeÈ,s lsÍï my; ioyka lr we;' 

l=¿jeõ hkq wod, uyjejg by,ska msysá fidfrdõ" jdka wdÈ jHqyhka rys; l=vd c, ;gdlhkah' fuu 

l=¿jeõj,g my,ska msysá uy jefõ c, uÜgu wvqjk úg N+.;j c,h iemhSu u.ska ksh.fha wd§kj 

wvqlr .ekSuo" kshka ld,j,§ i;=kg c,h ,nd §fï m%Njhla f,io l%shd lr we;' wêl j¾Idjl§ 

.,k c,hg tl;=jk frdka uv l=¿jeõ j, kj;df.k uyjefõ Odß;dj wvqùu je,elaùugo fuu 

l=¿jeõ l%shd lrkq we;'  

jej ;=, jefõ c,uÜgu yd f.dvìu w;r fldgfia ia:dk .; ù we;s .ia f.dïuk kïjq jDlaI 

f.dkqj u.ska Wvdjf;a isg jejg .,d tk wêl iq<. fjk;a w;lg yrjd hjd jefõ jdIamSlrKh 

wvqlr j¾Idj rys; ld,j,g jej u.ska jeä c, iïmdokhla isÿ lsÍug wjYH oekqu me/kakka i;=j 

;sî we;'  

wêl j¾Idjl§ jejg .,d tk frdkauv yd l=Kq frdvq wäh jejg by,ska msysá ;DKmsáhla f,i 

mj;sk fmryka u.skao b;d l=vd wä 1-1 ½l f.dve,a,la f,i jeõmsáhg by,ska jeõ neïug iumd; 

jk wdldrhg msysá biajeáh$fmdagdjeáh u.skao frdkauv jejg .,d tau j,lajd wêl j¾Idfõ n,mEï 

u.ska jej f.dvù Odß;dj wvqùu wjulrhs' 
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jejg by,ska msysá le,h —;ykï le,h˜ f,i kïlr thg we;=,aùu" i;=ka ovhï lsÍu ;ykï lr 

;snq w;r tu le,fhka msg;§ f;dard.;a i;=ka iuyrla ^WodyrK( j,a W!rd& ovhï lsÍug wjir § 

;snq‚' úh<s ld,.=K m%jdyh ^Dry Weather Flow& we;=¿ jejg c,h ,nd .ekSug fmdaIl m%foaYhla ;sìh 

hq;= nj;a i;aj fldÜGdYhla i`oyd ;ykï le,fha Odß;dj blauùfuka miq i;=ka le,fhka t,shg 

.uka lrk nj;a" tu i;=ka bj;alsÍu wod, i;aj fldÜGdYfha meje;aug ydkshla fkdjk nj;a 

me/kakka wjfndaO lr isá nj meyeÈ,sh'  

ol=Kq úh<s l,dmfha j,fõ ksïkfha fidfrdõjla rys; w;ayer ouk ,o  jeõ j¾.hla yuqjQ w;r 1960 

oYlfha j,fõ ksïkfha isÿlrk ,o iólaIKhlska fy<sù we;af;a fuu jeõ neñ ish,af,au fl,jr 

my, ÈYdjg jl%jk mßÈ ilia fldg we;s njh' fuu jeõ bgql< ld¾hh jQfha ksis ld,fha Èh iSrdj 

wêl ksïk fomi Wiaìï lrd c,h tiùu nj wkdjrKh ù ;sfí' ^bxðfkare mS' ta' ð mrkudk& 

fyaka j.dj yeuúgu jej fome;af;ka jejg c,h .,d tk m%foaY u. yer isÿ l, w;r mdxY= ydhkh 

isÿùu wju lsÍu ioyd jdr 2-3 lg jrla tlu fyak j.d fkdlr j,a je§ug w;yer oeóu" tla jrla 

j.d lrk ,o fyakla j,a je§u ioyd wju jYfhka jir 8-10la fhdod .ekSu;a u.ska mi ire lsÍfï CIqø  

Ôù fufyh ms<sn`o oekqu me/kakka fhdodf.k we;'  

fyakaj, fmdÿfõ yd úfYaIfhka h, lkakfha j.djka ioyd kshka jegfld¿" f.dv lelsß wd§ kshka 

m%;sfrdaë fnda. j¾." j¾Idj rys;j mskakg;a lsßjÈk kshka m%;sfrdaê ù j¾. ^mÉpfmreud,a& hk wdÈh  

ms<sno oekquo" Ôjk ld,h wvq fnda." u;=msg mi úh,Su wvq lrk l%ufõo wdÈh ms<sno oekquo 

Ndú;dl, me/kakka wLKav fnda. j.dj isÿ lrk ,§' úh,s ld,j,§ isgqjk me, j,g c, iïmdokh 

wmyiq jk wjia:d j,§ flfi,alek lmd.;a flfi,a .il w, lE,sj,g lmd me, isgqjk jf,a 

me,fha uq,a iys; m%foaYh wdikakj ;eïm;a lsÍu u.ska i;s 2-3la c,h rys;j me,h uq,a weoaoùu 

isÿlsÍu foaYSh oekqu ;=,ska lDIsld¾ñl ksh`.fha n,mEï wju lsÍu i|ydjq tla WodyrKhls' 

l=Uqre yd wfkl=;a my;aìï j, c, jykh wvq ;;ajhkag Tfrd;a;= fok fnda. j¾. ^ù" fldys, wdÈh& 

iy .xj;=r ksid jeäld,hla c,fhka hgùug Tfrd;a;=fok ù j¾. ^fojeroaÈ,s& f;aÍu ms<sno oekqu 

merkakka i;=úh'          

jefõ neïug jydu my,ska lÜgldKqj kue;s c,h rok j.=re ìï iys; m%foaYh u.ska jeõ neïfï 

c,h ldkaÿùu ksid we;sjk kd,dldr jHqy j,g ndOd we;slr hïlsis wdldrhlg neïug È.= ld,Skj 

isÿjk ydksh je,laùug yels nj me/kakkaf.a bxðfkare oekqu ;=, .eí ù we;'  

wêl j¾Idj iys; ld,j,§ jeõ c,fhka msÍu ksid jeõ neïug we;sjk mSvkh wvq lsÍu ioyd msgjdk 

iy fidfrdõj ilia lr we;' Rcqju fidfrdõfjka c,h msg lsÍug hdfï§ fidfrdõj m%foaYhg jefõ 

uq¿ c, mSvkhg n,mdkq we;' fuu ;;a;ajh u. yeÍu ioyd me/kakkaf.a foaYSh oekqu fhdod.;a  

úYsIaG ks¾udKhla jk ìfidafldgqj fhodf.k we;' 

wä 30-40la Wia jQ jeõ neñ iys; jeõj,ska jElkao yryd fidfrdõjg tu.ska c,h msg;g .ekSug fuu 

ks¾udKh ^ìfidafldgqj& WmldÍ fõ' ìfidafldgqj hkq jefõ c,h we;s me;af;a we;s RcqfldaKdY%dldr 

<s|ls' m%:ufhka jeõ c,h thg we;=¨fõ' wk;=rej tys wfkla mi we;s fidfrdõ fodrgqfjka c,h 

jElkao yryd msgù hhs' ìfidafldgqj fkd;snqfKa kï fidfrdõlg m%foaYhg jefõ uq¿ c, mSvkhu 

n,mdkq we;' tfiau fidfrdõj Tiafia tu wêl mSvkhg wkqrEm jQ c, m%udKhla fõ.fhka .,kq we;' 

fuu wêl mSvkh yd c, fõ.ho fidfrdõjg iy jElkaog ydkslrh' wêl c, mSvkh ksid jElkaog 

fidfrdõfõ ì;a;s yryd c,h ldkaÿúh yels w;r tu.ska jElkao ;=, c, mSvkh by< f.dia jElkaog 

ydks isÿúh yelsh' wêl c,fõ.h ksid fidfrdõj yd tys újr Ldokh  úh yelsh' ìfidafldgqj ksid 

fuu ydkslr ;;a;ajhka folu iukh flf¾' 

ìfidafldgqj ksid jefjka msgjk c, m%jdy f¾Ld ^Stream lines& È. jeäfõ' fï ksid ÿiai%dú;djh 

fya;=fldgf.k fidfrdõjlg wod, c, mSvkh wvqfõ' fï ksidu fidfrdõj yryd .,k c, mßud 
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iS>%;djho wvqfõ' fï c, mSvkh wvqùu ksid ìfidafldgqj ;=, c, uÜgu jefõ c, uÜgug jvd 

wvqfjka mj;S' 

ìfidafldgqj yd ta wjg wkql+, c, m%jdyhla we;s jqjfyd;a ÿiai%dú;d n,j,g wu;rj c,fha .egqïldÍ 

iajNdjh ksido fmr i|yka mSvk iukh ùu isÿfõ' th c,h c,fhau .eà isÿjk mSvk iukhla f,i 

ye¢kaúh yelsh' fï ish¨ wdprKhka isÿùu i|yd ìfidafldgqj ;rula úYd, úh hq;=hs' tfiau fndfyda 

mer‚ ìfidafldgqj, oelsh yels mßÈ ìfidafldgqjg c,h we;=,ajk újrfha m%udKhg jvd msgjk 

újrfha m%udKh úYd,ùuo by; wdprKj,g wkqn, fokakls' fødakshl wêl j¾Idjl§ .xj;=r 

;;ajhkag iy kshka ld,j,§ c,iïmdokhgo wkqyqreùu ioyd ìfidafldgqj ks¾udKhg wod, foaYSh 

oekqu me/kakka i;=úh'  

fhdaO we, moaO;sh me/kakkaf.a iqúfYaIS foaYSh oekqu fhdod ksh`.h" .xj;=r wd§ jHikhkag 

wkqyqreùu i`oyd ks¾udKh lr we;' w;S;fha úúO c, føda‚j, c,h .nvd lsÍu" føda‚ yryd c,h 

f.khdu" N+.; c, uÜgu mj;ajdf.k hdu yd udkj yd i;a;aj wjYH;d i|yd c,h iemhSu jeks c, 

l<ukdlrK ld¾hhka i|yd fhdaO we,j,a rdYshla ks¾udKh lr ;snq‚' jeõ føda‚fha isg c,h wvq 

føda‚hg c,h f.khEu" jejlska jejlg c,h f.khEu" w;sßla; c,h .nvd lsÍu i|yd jejlg 

f.khEu jeks Èhjr yqjudre wjYH;d fhdaO we, moaO;sh u.ska w;S;fha§ isÿlrf.k we;' fuh iajNdj 

O¾uh u.ska bgqlr fkdÿka fohla ñksid úiska ks¾udKh lsÍula f,i y÷kajdÈh yelsh' 

fhdaO wef,a neïu jeõ neïulg iudkh' fuys neïu idod we;af;a há me;a;g mu‚' wef,a Wvqme;a; 

fndfydaúg iq¿ nEjqï iys; ìuls' fhdaO wef,a Wvdjf;a msysá t,a,x.d j,ska .x.d c,h fhdaO we,g 

tl;= fõ' fuf,i t,a,x.d j,ska .,d tk c,h jeis c,h yd tla /iajQ úg th ks;r jejla fia j;=r 

msÍ mj;S' fhdaO wef,ka my< mej;s fl;aj;=j,g muKla fkdj úfYaI ;;a;aj hgf;a fhdaO wef,a by< 

mej;s fl;aj;= j,g yd t,a,x.d j,go c,h imhd we;' 

fhdaO we, ksid mßir ixrlaIKho isÿfõ' jeõj,g Wvyska ^Wvdjf;a& fhdaO we, .uka lsÍu ksid 

jeõj,g frdkauv .,d tau je<lS ;snq‚' jeõj, j;=r md,kh lrñka jeä j;=r tau j<lajd ;snq‚' uy 

lkakfha§ j¾Idfjka fhdaO we,g tl;= jk c,h wjYH jeõ lrd f.k f.dia c,h fnod § we;' 

fhdaO wef,a lemS fmfkk ,laIK jkafka wvq .eUqrh' fuu.ska úh<s ld,j,§ wef,a c, uÜgu fmd<j 

uÜgñka my< neiSu yd tu ld,j,§ wjg m%foaYfhka c,h we,g ldkaÿùu j<lajd N+ c, uÜgul 

mj;ajd .ekSug isÿfõ' ;jo fhdaO wef,a c,h my<g .,kafka b;d fyñkah' fuu.ska fõ.fhka 

.,dhk c,h iu. meñfKk frdka uv m%udKh wju lr we;' 

fhdaO wef,a we,jx.= ;=, msysgd we;s Èhl,s f,iska ye¢kafjk Èhlä;a; u.ska wjqreoafoa yeuodgu 

jk.; i;d isjqmdjka iy w,s we;=kaf.a c, wjYH;djh imqrd,hsh' fuu —Èhl,s̃  iodld,sl Èh 

W,am;ah' 

fhdaO we, .,d .sh m%foaYh mqrdjg N+.; c,h Wia uÜgulska mj;ajdf.k hdug wjYH oekqï ixNdrhla 

me/kakka i;=úh' fï ksid fhdaO we, wdY%s; iY%sl jeõ .ïudk /ila ìysúh' N+ .; c,fhka fmdaIKh 

jQ mdßißl moaO;shla ks¾udKh úh' jdIamSlrKh md,kh lsÍu i|yd we, fod, .yfld< j,ska nß; 

úh' 

t,a,x.d moaO;sh ;=, f.dvke.S we;s iqùfYaIS ks¾udKj,g mdoljq foaYSh oekqug wu;rj tys ckiudch 

;=, lDIsl¾uhg yd ckÔú;hg wod, ld,.=Kh yd foaY.=Kh ms<sno mqfrdal;kh lsÍu i`oyd jq foaYSh 

oekqï iïNdrhla wo ojfia mjd olakg we;' fuu mqfrdal;kh lsÍï úfYaIfhkau jdhqf.da,fha yeisÍu" 

i;aj p¾hd yd YdLj, úfYaI ,laIK wdÈh u; mokïù we;s w;r jeä oekqï iïNdrhla j¾Idjg yd 

ksh`.hg wod,j merKs mqiafld< fmd;lajq —jeys ,l=kq Ydia;%h— pJø yd iQ¾h.%y ukav, ,l=kq" .%y 

msysàï" jd<dl=¿j, iajNdjh" yevh" m%udKh" úisÍ we;s rgdj" mdg" msysgk ÈYdj" foaÿkq ,l=kq"  oji" 

ojfia ld,h" kel; wd§ ,laIK wkqj ojil" i;shl" udihl yd udi yhl muK bÈß ld,fha§ j¾Idj 

mej;Su fyda j¾Idj fkdue;sùu ms<sno mqfrdal;khka 85 la muK ,sÅ; foaYSh oekqu f,i bÈßm;alr 
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we;' WodyrK f,i —le<e u,a .sfkr u,a r;a fk¿ï u,a we;a .scq,syssKshka jeks j<d ysreg fmr 

fmfkakï i;a ojilska jiS lshkq' - bkaø fldk Bidk fldk foõÿkq ^foaÿkq& mEj jeis fndfydu jiS 

lshkq' - ud kel;ska foõÿkq mEj jeis u| lshkq' - wei< kslsks mqr mE,úh ueÈka Èk fmdah ojiaj, b÷re 

foiska úÿ,sh fmkqfkd;a i;sfhka jiS' -  bkaø  È.ska rdyq .; jeis fndfõ' - l=c Y%djêm;s jq úg jeis 

fkjefÜ' - jma Wÿjma ixl%dka;sj, uOHu jeis we;sfõ' - l=c rúg miqj yd bÈßfhka .uka lrkúg 

ms<sfj,ska ì÷kq l,hla fuka jeis jeàu yd wyïfnka ,efnk jeis o úh,Su isÿfõ'— 

laISrmdhS" Wr." WNhÔù" mlaIS yd lDñ hk Ôù ldkavj, i;aj p¾hd u.ska j¾Idj yd ksh.h ms<sno 

mqfrdal;khka ,nd.; yels w;r tjdhska lsysmhla my; olajd we;' jvq l=re,a,ka .iaj, ^úfYaIfhka 

jeõ biau;af;a& b;d by, fyda b;d my, w;=j, leo,s iEÿjfyd;a ms<sfj,ska t,fUk jeis iuh wêl 

fyda b;d wvq^ksh.& jeis iys;h' W,f,akd j¾Id fyda kshka ld,j, lE.eiSu ms<sfj,ska kshka fyda j¾Id 

ld,hla meñfKk i,l=Kls' lEoe;a;d oyj,a ld,fha lE.eiSu yd Wl=iaid b;d by, wyfia mshEöu 

j¾Idj ,`. ,`.u meñfKk ksñ;s fõ' ysÿk jejl jeõ msáfha jeõ neïug wdikakj' jeõ msáh ueo yd 

by;a;dfõ lsr<d ì;a;r oeóu ms<sfj,ska bÈß lkakh j¾Idj rys;h' ;rul j¾Idjla iys; yd wêl 

j¾Idjla iys; lkakhls' ldla l=vqjl isák megjqka .Kkska tkï megjqka 1 fyda 3 kï bÈß uy 

lkakfha fyd| j¾Idjlao" megõ fofofkl= kï ;rul wvq j¾Idjlao ,efí' .%SIau iufha lgqiaika tl 

È.g lE.eiSu ^isjqrejïnEu& bÈß i;sfha§ j¾Idjla we;sjk ksñ;a;ls' l=Uqf¾$;K msáfha neÈ .jhska 

jeis iufha Wfoa jrefõ b;d Wjukdfjka ;K nqÈkï ijia jrefõ jeis we;súh yels w;r Wfoa jrefõ 

b;d l=iS;j W,d fkdld isáhs kï ijia j/fõ jeis rys; ld,.=Khla mj;S' vq.=̈ ud ^kS,f.dhd& Woh 

jrefõ È.ska È.gu lE.eiSu isÿlrhs kï yji fyda rd;%S ld,fha j¾Idj ,eìh yelsh' n<,d l,n,fhka 

Tn fudn ÿjñka fldÜg fuÜg fodr cfk,a myqre.Eu jeis l=kdgqjl fmr ksñ;a;ls'           

iuyr YdL j, u,a msmSu" M, yg.ekSu hk wd§ ,laIK u.ska j¾Idj yd ksh`.h ms<sno mqfrdal;khka 

,nd.; yels w;r tjdhska lsysmhla my; olajd we;' .vdf.ä ^lrU" oU" ysUqgq& wjdf¾ yg.;af;d;a 

t<fnk iufha jeisM, b;d wvqh' jkdka;rfha m¨ yd ùr .iaj, b;d fydÈka M, oeÍu bÈß 

udialkakfha§ wêl j¾Idm;khl fmrksñ;a;ls' lrU u,a wÈl f,i msmSu bÈß udialkakfha§ wvq 

j¾Idm;khl fmrksñ;a;ls' 

ksh.fha wdÈkj iukh lsÍu i|yd N+.; c,h iïmdokfha§ c,h mj;sk .eUqr" c, m%udKh" c,fha 

.=Kd;auh hk wdÈh mqfrdal;kh lsÍfï yelshdj ms<sn| oekqu wo ojfia mjd t,a,xldfõ jeishka w;r 

mj;shs' hï ia:dkhl iajdNdúlj jeù we;s YdL" mi u;=msg mj;sk jeks jHqy" mia ;Ügq j, mdg hk 

wd§ idOl wkqj N+c, uÜgu fmd,j u;=msgg we;s ÿr" c,h .,dtk ÈYdj" ,nd.;yels c,fha m%udKh 

yd .=Kd;auh wdÈh ms<sn| oekqu o.d¾.,h ^jrydñysr  - l%s'j' 5 jk ishji& kï .%ka:fhka bÈßm;a lr 

we;' fuu .%ka:fha oekqï tall 100lg jeä m%udKhla i`oyka lr we;s w;r thska lsysmhla my; ioyka 

lr we;'  

iajdNdúlj jevqkq fldgÈUq,d .ila iómfhys ;=Uilafõo thg ngysr me;af;ka ;=ka ßhklg wE;ska 

wä19 1$2 lg háka c, kyrhla we;' iajdNdúlj jevqkq nq¿ .ilg ol=kq me;af;ka ;=Uila fõo" ta 

;=Uig kef.kysr me;af;ka wä 9la ÿßka Èh iSrdjla we;' c,h wvq hï fmfoil b.=re" fnre ;K" yd 

B ;K m÷re olakg ,efío" tys wä 6la hg lemql, j;=r ,efí" hï ;efkl lgqje,angq m÷rl lgq 

rys;j iqÿ u,a muKla olakg ,efío" thg hg wä 21 la lemQl, c,h ,efí'   
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Introduction 

United Nations Framework Convention on Climate Change (UNFCCC) defines that climate change is 
the change that can be attributed “directly or indirectly to human activity that alters the composition 
of the global atmosphere and which is in addition to natural climate variability observed over 
comparable time periods”. This is a crucial threat to the world environment, caused by the human 
activities and their mishandling of resources. Mankind always alters and renews the natural 
resources in terms of development, without considering its environment. Continuous process in this 
nature will widely affect the entire eco-system of the globe and consequently meteorological 
conditions (wind, rain, snow, sunshine, temperature, etc.). This will adversely affect the socio-
economic condition of a nation, generating multifarious infectious diseases. 

Each of the last 3 decades has been continuously warmer than any preceding decade since 1850. 
Over the last five decades, human activities, particularly burning of fossil fuels and clearing of forest, 
have released more carbon dioxide and other greenhouse gases to the atmosphere, which trap 
additional heat in the lower atmosphere and affect the global climate adversely (UNFCCC, 2010). 
Increases in average global air and ocean temperatures, widespread melting of snow and ice, rising 
average global sea levels and changing of precipitation patterns are a few major adverse effects 
caused by the climate change. Moreover, this situation generates eligibility for emerging infectious 
diseases to new places and new hosts. Researchers have found that there is a close link between 
local climate and the occurrence or severity of diseases and other human health related threats. 

Correlation between climate change and infectious diseases 

Climate change accelerates the spread of diseases, primarily because warmer global temperatures 
enlarge the geographic range in which disease carrying animals, insects and microorganisms as well 
as the germs and viruses can survive. In addition, changing weather patterns and climatic conditions 
affect the diseases shift via vectors such as mosquitoes (vector-borne disease) or through rodents 
(rodent-borne disease). The malaria and dengue fever are transmitted by mosquitoes, which cannot 
survive if temperatures are too low. Further, climate restricts infections, limiting the distribution of 
other species that are required for disease transmission. More predictable as climate change unfolds 
is the spread of so-called waterborne infections.  
 
These infections most often cause diarrheal illness and flourish in the wake of heavy rainfalls as 
runoff from land enters into and may contaminate water supplies. Many pathogens that cause 
diarrheal disease reproduce more quickly in warmer conditions as well. 
 
World Health Organization (2012) states that the average atmospheric temperature rose by about 
one degree Fahrenheit in the last quarter of the 20th century. This increase was responsible for the 
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annual loss of about 160,000 lives and the loss of 5.5 million years of healthy life of nature. Further, it 
estimates that the climate change contributes to 150,000 deaths and 5 million illnesses each year, 
due to the contamination of air, water, soil and food. Climate-sensitive diseases are among the 
largest global killers. Diarrhea, malaria and protein-energy malnutrition alone caused more than 3.3 
million deaths globally in 2002, with 29% of these deaths occurring in the region of Africa. Deadly 
diseases often associated with hot weather, like the West Nile virus, Cholera and Lyme disease, are 
spreading rapidly throughout North America and Europe  because increased temperatures in these 
areas allow disease carriers like mosquitoes, ticks, and mice to thrive ((UNFCCC, 2010). Further, it 
records approximately 2.4% of worldwide diarrhea and 6% of malaria in some middle-income 
countries (WHO, 2010). 
 
Types of infectious disease 

The Inter-governmental Panel on Climate Change noted in its 2007 report that climate change may 
contribute to expanding risk areas for infectious diseases. Types of such diseases are elaborated 
below. 

Water-borne diseases 

A warmer climate could cause water-borne diseases to become more frequent, including cholera and 
diarrhoeal diseases; such as giardiasis, salmonellosis and cryptosporidiosis. Diarrhoeal diseases are 
already a major cause of morbidity and mortality in South Asia, particularly among children. It is 
estimated that one-quarter of childhood deaths in South Asia are due to diarrhoeal diseases. As rising 
ambient temperatures increase bacterial survival time and proliferation, the incidence of diarrhoeal 
diseases might further increase (WHO, 2012). 

Cholera is a well-known water-borne disease that has afflicted humankind since ancient times. 
Outbreaks of cholera have occurred in India, Bangladesh, and more recently, Latin America and Africa. 
Molecular techniques have shown that bacteria are now recognized as naturally occurring in aquatic 
environments, with bacterial population peaks in spring and fall in association with plankton blooms. 
The discovery of Vibrio cholerae in the natural environment, with a dormant state between epidemics, 
changed the understanding that this disease had only a human reservoir. A relationship has been 
observed between increase in sea-surface temperature and the onset of cholera epidemics, with the 
cholera outbreaks following the seasonal rise and fall in sea-surface height and temperature (UN, 2008). 

Vector-borne diseases 

The incidence of mosquito-borne diseases, including malaria, dengue, and viral encephalitides, are 
among those diseases most sensitive to climate. Climate change would directly affect disease 
transmission by shifting the vector's geographic range and increasing reproductive and biting rates and 
by shortening the pathogen incubation period. Climate-related increases in sea surface temperature and 
sea level can lead to higher incidence of water-borne infectious and toxin-related illnesses, such as 
cholera and shellfish poisoning. Human migration and damage to health infrastructures from the 
projected increase in climate variability could indirectly contribute to disease transmission. Human 
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susceptibility to infections might be further compounded by malnutrition due to climate stress on 
agriculture and potential alterations in the human immune system caused by increased flux of 
ultraviolet radiation (UN, 2008). 

Other diseases 

Climate change might affect other diseases endemic to an area. These include mosquito-borne diseases 
such as chikungunya fever and dengue, parasitic diseases such as leishmaniasis, lymphatic filariasis and 
onchocerciasis, and tick-borne diseases, which may exhibit changes in transmission intensity or shifts in 
their geographical ranges, due to the impact of climate on the relevant vector populations. Climatic 
factors might also influence human plague, a bacterial disease carried by rodents and transmitted by 
fleas. Temperature and rainfall are important determinants of rodent population abundance and 
distribution. Combined with the influence of temperature and humidity on flea survival and 
development, changes in any of these climatic components may result in changes in plague incidence. 
Murine typhus, a rickettsial disease, is also transmitted by fleas and thus may exhibit similar climate 
sensitivity (UN, 2008). 

Conclusion  

Changes in infectious disease transmission patterns are a likely major consequence of climate change. 
General practitioners as well as specialists can play a role in anticipating the health effects of climate 
change and improving the health, through discussing effective preventive health care with their 
patients. Measures include curriculum development for schools, supply of information to community 
groups and women’s networks, radio and television programmes, public poster campaigns, and 
leadership by national figures and celebrities. Healthy ecosystems provide significant benefits for 
resilience, livelihoods, health care and adaptive capacity. Measures include strengthening of 
environmental management in areas of greatest risk from weather hazards and protecting ecosystems 
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The term “Climate change refugees” refers to people who are forced to migrate from or flee their home 
region due to sudden or long-term changes to their local environment which compromise their 
wellbeing or secure livelihood. Increasing extreme weather  events such as  droughts, floods and 
cyclones, disasters such as landslides, desertification, sea level rise, and disruption of 
seasonal weather patterns such as monsoons are the main climate change impacts forces to displace 
and migrate the people. Climate change refugees may flee to or migrate to another country or they may 
migrate internally within their own country. More than two decades ago, the Intergovernmental Panel 
on Climate Change (IPCC) warned that one of the gravest effects of climate change may be those on 
human migration (McTegart et al., 1990). Climate refugees belong to a larger group of immigrants 
known as environmental refugees. Environmental refugees include immigrants forced to flee not only 
because of climate change but also natural disasters, such as volcanoes and tsunamis (Myers, 2001). 
 

Over the last 50 years, human activities, particularly the burning of fossil fuels, have released sufficient 
quantities of carbon dioxide and other greenhouse gases to trap additional heat in the lower 
atmosphere and affect the global climate. Rising temperatures associated with global warming cause 
glaciers and ice caps to melt. This can cause flooding and make sea levels rise. Rising temperatures also 
lead to droughts and desertification - the transformation of arable land to desert. Some of these effects, 
such as sea level rise, can put land completely underwater, making it uninhabitable. Others effects, such 
as drought, make it impossible for people in the region to support themselves. 

Statistics 
 
The International Red Cross estimates that there are more environmental refugees than 
political refugees fleeing from wars and other conflicts. The United Nations High Commissioner for 
Refugees says 36 million people were displaced by natural disasters in 2009, of whom more than 20 
million were forced on the move by climate change-related factors (UNHCR, 2009). Scientists predict this 
number will be raised up to at least 150 million by 2050 (Singer, 2012).  55.7 million People were 
displaced in Asia by Sudden-Onset Climate-Related and Extreme Weather Events in 2009–2011 and 
3,400,000 people displaced in South Asia due to Climate-Related and Extreme Weather Events in 2009 
(ADB, 2012). 

Sea Level Rise 

Sea Level Rising is a major force of migration and will have increasingly serious consequences for human 
health and life quality, with coastal populations at risk for dislocation due to flooding. 
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The Intergovernmental Panel on Climate Change predicts that sea levels will rise a total of 0.18 to 0.6 
meters (7 inches to 2 feet) between 1990 and 2100.  

Rising sea levels already cause problems in low-lying coastal areas of the world (National Geographic, 
2011). It is not only Small Island states that need to worry about sea level rise. Sea level rise increases 
the risk of both temporary and permanent flooding of coastal lands. Around 23% of the world 
population lives in the near coastal zone with population densities about three times higher than the 
global average (Greenpeace, 2012). 

Increased storm damage to coastal infrastructure, more rapid coastal erosion, shoreline change 
including the possibility for total loss of protective natural barriers, saltwater intrusion into aquifers and 
surface waters, rising water tables, and changes in tidal prism are the major impacts of sea level rise and 
those factors force the coastal populations to migrate elsewhere for searching residential areas. 
 
Bangladesh is a common example for impact of sea level rise where about half of the population lives 
less than 5 meters (16.5 feet) above sea level. Scientists predict Bangladesh will lose 17 percent of its 
land by 2050 due to flooding caused by climate change. The loss of land could lead to as many as 20 
million climate refugees from Bangladesh. The U.S. state of Louisiana loses about 65 square kilometers 
(25 square miles) to the sea every year. More lands are eroding near the Mississippi delta. Sea level rise 
puts the productive fisheries around the delta at risk as wetlands are submerged. Maldives, an island 
nation in the Indian Ocean, is perhaps the country most threatened by sea level rise. Maldives rises only 
2.4 meters (8 feet) above sea level at its highest point. Sea level rise will likely create climate refugees 
because of changes in both economy and habitat. Sea level rise may sink all 1,200 islands of Maldives. 
This would force all Maldivians to find new places to live. Maldives leaders have worked with leaders in 
Australia, India, and Sri Lanka to plan an evacuation program should Maldives become uninhabitable.  
 
Natural Disasters 

The world already is nearly five times as dangerous and disaster-prone as it was in the 1970s because of 
the increasing risks brought by climate change, according to a new report from the World 
Meteorological Organization. The first decade of the 21st century saw 3,496 natural disasters from 
floods, storms, droughts and heat waves. That was nearly five times as many disasters as the 743 
catastrophes reported during the 1970s, and all of those weather events are influenced by climate 
change (Goldenberg, 2014). An increase of greenhouse gases in the atmosphere will probably boost 
temperatures over most land surfaces, though the exact change will vary regionally. More uncertain-but 
possible-outcomes of an increase in global temperatures include increased risk of drought and increased 
intensity of storms, including tropical cyclones with higher wind speeds, a wetter Asian monsoon, and, 
possibly, more intense mid-latitude storms (NASA, 2001). As a result of these changes of the 
atmosphere high intensity rainfall will be more common and ultimate outcome is flash floods and 
landslides. People who are living in low-lying areas and hilly areas are forced to migrate to protect 
themselves from the floods and landslides.   
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Desertification 
 
While rising seas threaten coastal regions, drought can create climate refugees inland. When people 
cannot grow crops on the land where they live, they have to move somewhere else in order to survive. 
For example, the Gobi Desert in China expands more than 3,600 square kilometers (1,390 square miles) 
every year. Farmers and merchants in the area surrounding the Gobi migrate to China’s crowded urban 
areas as grasslands are overtaken by desert. Morocco, Tunisia, and Libya each lose more than 1,000 
square kilometers (386 square miles) of productive land every year to desertification. These residents on 
the edge of the Sahara Desert may move to cities in the Maghreb, a region of northwest Africa. They 
may also choose to move to the more developed countries of Europe. 

Residents near the Horn of Africa are especially vulnerable to drought and desertification. Most rural 
residents in Somalia, Ethiopia, and Eritrea engage in subsistence agriculture. Subsistence agriculture 
means that the farmers produce enough crops for themselves, their families, and communities. They do 
not sell their produce on the national or international market. Many subsistence farmers depend on 
their crops to feed their livestock. Years of severe drought prevents crops from growing, which also 
prevents livestock from being raised. Thousands of Somalis and Ethiopians, threatened by 
starvation and poverty, have already fled to refugee camps in Kenya. Camps that were designed to 
provide temporary shelter for 90,000 people are now home to twice that number. 

The Calamity 

Climate change refugees are not protected by international laws. Currently, a central problem with the 
term ‘climate refugee’ is that it is not an officially recognized category under existing international law. 
There are no frameworks, no conventions, no protocols and no specific guidelines that can provide 
protection and assistance for people crossing international borders because of climate change, and 
while existing international humanitarian law may apply in some cases of environmental displacement, 
the existing rights guaranteed to refugees – specifically those of international humanitarian assistance 
and the right of return – do not apply. They face greater political risks than refugees who flee their 
homes due to conflict or political oppression. Unlike conventionalrefugees (people fleeing political 
oppression, religious persecution and ethnic troubles), climate refugees may be sent back to 
their devastated homeland or forced into a refugee camp (National Geographic, 2011). 
 
Even the United Nations cannot help to protect people seeking safety abroad if their homes and jobs are 
destroyed by prolonged drought, rising sea levels or other climate change-related phenomena in the 
same way as if they were displaced by war or human rights abuses (UN News Center, 2014). 
 
Most climate refugees are internal migrants. Internal migration is the process of people moving 
elsewhere in their own country. Often, climate refugees are rural and coastal residents who are forced 
to migrate to urban areas. These climate refugees face numerous problems. Skills such 
as herding and farming are not relevant in urban areas. Rural farmers are often more self-sufficient than 
many urban dwellers; they may not be familiar with depending on a corporation or other people for 
employment. 
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Climate refugees who migrate outside their home countries face other difficulties. They must adjust to 
different laws, languages, and cultures. Climate refugees may encounter conflict with indigenous 
residents. Educational and health care systems must adjust to a sudden, new population. This 
population may speak a different language or have different customs than the native population. 
Climate change may also increase the number of traditional refugees. Climate change can enhance the 
competition for resources like water, food, grazing lands for livestock, etc. and that competition can 
trigger conflict (Terminski, 2011). 

Is the notion of labeling people climate change refugees ethical? Will climate change refugees be 
treated differently to political or economic refugees? What rights would climate change refugees have? 
Who should be responsible for their well-being and re-settlement? These are serious and yet answerless 
questions. 

Status of Sri Lanka 

Being a developing island nation subject to tropical climate patterns, Sri Lanka is highly vulnerable to 
climate change impacts. Extreme weather events such as high intensity rainfall followed by flash floods 
and landslides, and extended dry periods resulting in water scarcity are now becoming common 
occurrences in Sri Lanka (Climate Change Secretariat of Sri Lanka, 2011). One third of the country 
population, 24% of the country’s land area, more than 80% of the country’s fish production, rich mineral 
resources and tourism, along with concentration of 80% of industries are situated in the coastal region 
of Sri Lanka. The coastal contribution to the gross domestic production (GDP) increasing gradually to 
40% by 1989.Loss of income from tourism in Sri Lanka will jeopardize the present rate of development 
and will also affect the attainment of human development goals (WHO SEARO, 2012).  

Conclusion 

Climate change which is the ultimate outcome of global warming is now universally recognized as the 
fundamental human development challenge of the 21st century and climate refugees are a main part of 
the challenge. Climate-induced Sea level rising force the communities living in coastal regions to migrate 
towards high land and at the same time people in the central high land to more secure places free from 
natural disasters. Meanwhile the farming communities in the dry zone, who are affected by the extreme 
weather events, are forced to migrate elsewhere for better living conditions. The climate change 
refugees of Maldives are another concern which affects the local socio-economic and cultural stability. 
Therefore, Urgent action is necessary to take adaptive measures to build resilience of the country to 
face the adverse impacts of climate change and address the climate refugees’ problems. While taking 
adaptive measures as the priority, Sri Lanka should be actively involved in the global efforts to minimize 
the greenhouse gas emissions within the framework of sustainable development and principles 
enshrined in the United Nations Framework Convention on Climate Change (UNFCCC) and its Kyoto 
Protocol. 
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People’s perceptions and its role in climate change actions 
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Perception is a process by which people translate sensory impressions into a coherent and unified view 
of the world around them. Although necessarily based on incomplete and unverified information, 
perception is equated with reality for most practical purposes. Direct experience on climate change - 
inarguably a greater individual and societal threat, constrained by the individuals difficulties in detecting 
its effects amid the normal variation of daily weather. However, the range of increasing impacts of 
climate change offers the possibility that individuals may recognize other signals less subject to everyday 
variability, such as shifts in precipitation seasons, and trend in weather parameters. One of the reasons 
that people may not take action to mitigate climate change is that they lack first -hand experience of its 
potential consequences. Most studies address the potential impact of climate change based on the 
modelling technologies integrating available observed climatic data. However, it is important to 
understand the people’s perception of climate change and its impact when planning and implementing 
the adaptation measures for the climate change impacts. This is because people’s perception greatly 
influences the decision on whether or not and how people respond to climate change.The local 
perception reflects local issues/concerns and reveals that the actual impacts of climate change on 
people’s lives, which are mainly related to local factors and may not be estimated through models only.  

People’s perceptions-emperical evidence 

According to the people’s perception obtained by household survey at Kalu and Walawe river basins in 
Sri Lanka, about 58% and 70% of households have perceived climate change mainly through personal 
experience. In addition, most of the others have comprehended climate change from various sources, 
(e.g. mass media or communication with neighbors, governmental officers and schools. Mass media are 
the most potential medium for the dissemination of climate related information according to the both 
river basins’ households. Local people have perceived remarkable changes in rainfall, mainly decreasing 
amount of rainfall and number of rainy days in Walawe river basin and short term heavy rainfall increase 
in Kalu river basin during last two decades. More than 98% of households in both river basins have 
perceived that the timing of rainfall is irregular compared to the past. Peoples’ perception obtained by 
household survey and climate data analyses are very similar and complementary, which demonstrates a 
good level of knowledge and understanding of climate change by people.  

Exposure to climate change also means exposure to its various impacts such as drought, flood and etc. 
About 86% households have experienced drought and majority believed in an increase in drought 
frequency in the last decades in Walawe river basin. The drought events which respondents could recall 
that had major impacts on their livelihoods were those of the 2004 and 2013.  
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Respondents reported of major flood experiences in 2003 and 2008 in Kalu river basin, and majority 
have perceived decreasing or no any trend in increasing flood during last decades. Most disastrous 
impacts experienced and remembered by locals were from the past fifteen years in both basins. The 
flood and drought record on Disaster Information System in Sri Lanka and modeled river flow data 
analysis also confirmed the respondents’ perception about the past hydrological disasters in the basins. 

Suggestions 

It provides evidence that information from household survey on local climate change, unaddressed by 
global climate change models is an important basis for tailoring adaptation policies. Advancing robust 
and resilient development policies that promote adaptation based on both local people’s perception 
and modeling technology is needed today, as the research has provided evidence that changes in the 
climate will increase even in the short term at local level.  
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Climate Finance: Trends and Challenges 

Athula Senaratne25 
 
Negotiating parties from all over the world are set to gather in Paris this December to adopt the all-
important legally binding global agreement on climate change, among others26. Though not an easy task, 
there is widespread optimism that the global climate change agreement will serve as a landmark in the 
global effort to address climate change.  However, the agreement, if signed in Paris, will not magically 
dispel the imminent threat of climate change. Any effective response to climate change will 
undoubtedly require concerted efforts of all signatories. Regrettably, any effort to address climate 
change issues is associated with financial burdens, which particularly put developing and least-
developed countries in a more difficult position as climate change tops the long list of priorities 
competing for limited fiscal budget. As a result, global climate finance mechanisms have captured the 
attention of those policy makers and interest groups who are concerned with the implementation of 
mitigation and adaptation efforts in poor countries.  
 
The scale and nature of risk involved are among the most important salient factors associated with all 
forms of climate finance mechanisms. While the factor of risk originates from the fundamental issue 
that climate change is a public externality of global scale with impacts that may extend over 
generations, the scale of risk and uncertainties generated as a result of these spatial and temporal 
dimensions, along with the limited knowledge about complex atmospheric mechanisms poses significant 
challenges for any global or national financial mechanism. Even the global financial mechanisms that 
deal with long-term development challenges are not fully attuned to the disproportionate scale of risk 
and uncertainties presented by the phenomenon.  In spite of this challenge, the governments of 
developed and developing nations, multilateral agencies and national institutions are striving to develop 
a viable system of climate finance to address the rising threat of climate change.  
 
Architecture of global climate finance  
 
Global climate finance architecture includes both public and private actors. Private channels of climate 
finance are engaged by project developers, mainly utilities and independent power producers, as well as 
corporate actors/manufacturers, households, commercial financial institutions, institutional investors, 
private equity, venture capital, and infrastructure funds. Largely concentrated in developed and 
emerging economies, 90 percent of funds generated through private climate finance mechanism 
continue to remain with source countries (Buchner et al 2014). Thus far the flow of private funds to 
developing and least-developed nations as foreign direct investments (FDI), and private investments by 
developing country businesses in their own countries are very low.  Owing to limited inflow of FDI 
coupled with national financial constraints, the growing demand for renewable energy and energy 
efficient technologies in developing countries are largely met through increased imports from the 
developed countries in the North and emerging economies in Asia, in turn leading to the reverse flow of 
currency rather than inflow of capital. Against this backdrop, it is imperative for developing and least-
developed countries to explore and seek public sources of climate finance to support climate change 
adaptation and mitigation efforts. In the present architecture of global climate finance, the public 
channel is consisted of following major components: 
 
 
25Athula Senaratne is a Reasearch Fellow of Institute of Policy Studies of Sri Lanka 
26This article was first published few months prior to the historical Paris Climate Agreement in Dec. 2015 
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Contributors: As in the case of other forms of development assistance, the major source of public 
climate finance is the contributions from developed nations. Many of these countries are the 
Organisation for Economic Co-operation and Development (OECD) member countries.  Among the key 
contributor nations are the United States, United Kingdom, Japan, France, Germany, Canada, European 
Union (EU) and Norway. Funds from contributors flow through different channels.   

Bilateral aid agencies: Bilateral institutions like the Agency for International Development (USAID), 
Norwegian Agency for Development Cooperation (NORAD), Department of International Development 
(DFID) and Japan International Cooperation Agency (JICA), among others, that administer donor 
assistance of respective contributor countries are another important channel of climate finance.   

 
Specialized bilateral climate funds: A part of the flow of climate finance is also channelled through 
specialized climate funds established by contributor countries. Global Climate Change Initiative (GCCI) of 
US, International Climate Fund of UK, International Climate Forest Initiative (ICFI) of Norway, 
International Climate Initiative of Germany and the Nationally Appropriate Mitigation Actions (NAMA) 
Facility offered by UK and Germany are some of the key specialized funds currently available.  

Multilateral institutions: Multinational banks such as the World Bank (WB) and other Regional 
Development Banks, namely Asian Development Bank (ADB), Inter-American Development Bank (IADB) 
and African Development Bank (AfDB), as well as United Nation (UN) agencies are also a source of 
climate finance.  Major funding facilities operated by multilateral agencies include Climate Investment 
Funds (CIFs) handled by regional banks and globally administered by the WB. Moreover, climate change 
has been identified as a priority area for funding by many multilateral institutions, and consequently 
several special climate focused facilities have been made available by respective institutions. 

 
Multilateral climate funds:  Besides, global funding made available by multilateral financial institutions, 
various UN agencies are striving to build a system of global funding facilities to assist the mitigation and 
adaptation efforts of member nations. The Global Environmental Facility (GEF) and Adaptation Fund are 
two main UN based funding facilities. Among the key agencies working to facilitate funding for climate 
change are United Nations Framework Convention on Climate Change (UNFCCC), United Nations 
Development Programme (UNDP) and United Nations Environment Programme (UNEP).  In addition, 
specialized agencies such as the World Health Organizaiton (WHO) and Food and Agriculture 
Organization (FAO) have also identified climate change as a major focus area and diverted significant 
resources to provide technical assistance to member nations in respective areas of interest. 

 
National climate funds:  Many developing nations have also set up line ministries/agencies and 
specialized institutions to deal with climate change. Some countries have even established specialized 
climate funds for addressing national climate change issues. Major examples include China Clean 
Development Mechanism Fund (CCDMF), Bangladesh Climate Change Resilience Fund (BCCRF) and 
Indonesia Climate Change Trust Fund (ICCTF).  

 
Global flow of climate finance  

The widely quoted report on Global Landscape of Global Climate Finance2014 published by the Climate 
Policy Initiative (CPI) provides some estimates about current flows of climate finance.  According to the 
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Report, the flow of global climate finance decreased by US$30 billion in 2013 to US$331 billion. 
However, the number is likely a conservative estimate since capturing accurate data on government and 
private spending in developing and least-developed countries is a widespread issue owing to poor data 
availability and management. But on a positive note, the drop in global climate finance in 2013 is partly 
a result of the decreased cost of renewable energy technologies. As a result, the installed capacity of 
these technologies was higher in 2013 even under low volume of investment.   
 
More importantly, majority of the funds (58 percent) of the total funds for climate finance was handled 
by private sector and approximately two-third of the total funds remained within countries of origin.i  
Sadly, this implies that only about US$80 billion of the total fund for climate finance was invested in the 
form of FDI in other countries, of which, a smaller portion was invested in developing and least-
developed nations.ii Hence, public channels continue to be the major source of climate finance available 
to developing and least-developed countries.  
 
In addition, a closer look at the composition of climate finance reveal that the lion’s share of climate 
finance is used for climate change mitigation. In 2013, investment in mitigation efforts was a whopping 
91 percent of total global climate finance, equivalent to US$302 billion, of which a large share (78 
percent) was spent on renewable energy followed by energy efficiency (10 percent) and sustainable 
transport (6 percent).iii On the other hand, of the limited funds available for adaptation, 58 percent was 
allocated for water supply and management followed by climate resilient infrastructure (14 percent), 
disaster risk management (9 percent), and agriculture and forestry (8 percent).iv Notably, funds for 
climate change adaptation were financed through public sources and low-cost debt, including 
concessional loans (52 percent), grants (16 percent) and market-rate debt (30 percent).v  Funded largely 
by development finance institutes (DFIs), East Asia is the major destination of climate finance, followed 
by Sub-Saharan Africa, Latin America and South Asia.vi

Climate finance in Asia  

 
 

 
Information on national sources of climate finance (from both public and private) is rare in Asia and the 
Pacific.  However, 22 dedicated climate funds and initiatives are currently active in the region (Bernard 
et al. 2014; Carroza 2015).  According to the Climate Funds Updatevii—an initiative run by Overseas 
Development Institute (ODI)—32 countries in Asia-Pacific have received over a quarter of public climate 
finance made available from dedicated climate funds and have approved nearly US$3.5 billion projects 
(Bernard et al. 2014). A majority of finding are on mitigation projects and India, China and Indonesia are 
among the major recipients.  In addition, multi-national banks such as the World Bank and ADB had 
disbursed over US$2 billion for investments on climate change, specifically US$1.07 billion in East Asia 
and US$1.01 billion in South Asia by 2013 (Carroza 2015).  Major recipient countries of such 
disbursements are India, Indonesia and China.  Moreover, relatively high share of funds was spent on 
adaptation in South Asia compared with the average situation in Asia-Pacific region.   
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Figure 1: Comparative use of climate finance by purpose 
 
Source: Carroza (2015) based on http://www.climatefundsupdate.org/regions/asia-pacific 
 
Conclusion 
 
Available information suggests that global architecture of climate finance is becoming increasingly more 
complex. At present, the global climate finance mechanism channels over US$330 billion, over 90 
percent of which is spent on mitigation. And while private investment does have a dominant share in 
climate finance, the funds are largely invested in countries of their origin, specifically developed nations 
in the North and emerging economies.  There are no significant FDI flows to developing nations for 
investments on mitigation or adaptation from private sources.  Hence, vulnerable developing nations for 
which adaptation becomes the main priority have to depend on public sources of climate finance from 
bi-lateral and multi-lateral donors or dedicated climate funds and initiatives. Few developing countries 
have established their own climate funds too. Despite these developments, however, scarcity of climate 
finance act as a major barrier against undertaking effective actions to face the risk of climate change. It 
appears that the gap between level of finance needed and finance actually delivered is ever widening 
with growing incidence of negative impacts of climate change on economies. Mobilizing domestic 
private sector for investments on mitigation and adaptation, rationalizing the use of limited public 
finance to address the growing risk of climate change impacts and global and regional cooperation for 
mutual benefits are the main alternatives available for vulnerable developing nations to fill this gap. 
 
 “This article was first published in Trade Insight (Vol. 11, No. 3, 2015). It is republished here with the 
courtesy of South Asia Watch on Trade and Economics and Environment (SAWTEE), Kathmandu, Nepal  
and the author” 
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State of the art climate change assessments for Sri Lanka from CMIP5 
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The characterization of future climate change for Sri Lanka is critical for assessment of impacts on 
various sectors, regions, systems, and for formulation of policies and practices to adapt to climate 
change. Such attribution requires detailed understanding of historical and ongoing climate variability, 
extreme events, and decadal change. The work in Sri Lanka should be contextualized in terms of South 
Asia and Indian Ocean climate variability and its change. In Sri Lanka, the issues of fine-spatial scale are 
critical given the rapid variation in climate over relatively small distances. Projections of climate change 
should include indications of confidence levels and assessment of uncertainty.  

Climate change assessments in the near-term can be based on understanding long-term decadal change 
from observations and proxies of climate such as the size of tree rings. Climate systems could also be 
projected by developing computer models through understanding the physics and incorporating the 
consequences of recent human action. But, there are major limitations in the computer modeling 
approach primarily due to the complexity of the atmospheric system, the limitations of the historical 
observations, and the characterization of the processes such as cloud physics. Understanding the 
climate system and projecting into the future considering the impact of human action is the 
methodology that is still commonly used to project future climate under the UN framework to 
undertake projections. Under this framework, global climate models from many science centers in 
advanced countries produce global projections based on common baselines. These models have much in 
common, but also have similar weaknesses. The long-term projections unfortunately cannot be verified 
on an ongoing basis. In any case, some of the uncertainty can be captured by examining the outputs 
from all the models, and some of the skills of the models can be evaluated for different regions and 
seasons by investigating the ability of these models to reproduce past climate.   

Current Problems in Climate Change Assessments  

Climate Change assessments for Sri Lanka have been undertaken from time to time, but not in a 
systematic and sustained way. The methodologies have been only based on downscaling the results 
from global scale models, where the general skill of these models over the region is not being 
investigated. Indeed, the past projections and the current projections from these models are for a 
wetter and warmer future. However, these projections have not been borne out in the last 15 years – 
thus, calling into question the skill of the Global Climate Models (GCMs) for this region. In addition, the 
various projections have been inconsistent when it comes to rainfall projections. Therefore, it is 
imperative that these issues are addressed rather than simply just downscaling from global climate 
models without further investigation.       
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Climate Change Projection Methodologies using GCMs 

Currently, the climate models use underlying physics of the atmosphere along with anticipated changes 
(in forcing such as of Greenhouse gas emissions, changes in human activity) into the future, as the main 
tool to project climate change. At present, Global Climate Models (GCMs) are run, typically for a 
resolution of about 100- 250 km for the entire globe due to the limitations in computing power and 
availability of data. At such course resolution, these models do not capture critical climate factors such 
as cloud formation or details of the high-mountain topography which can have profound influences. The 
methodology by which results that are produced at such large scale are interpreted for finer scale are 
referred to as downscaling. The two broad classes of downscaling methodologies are statistical and 
dynamical, which have their limitations. Such downscaling is critical for Sri Lanka, given its quite varied 
climate and topography.  

As part of the global climate change assessment process, the Coordinated Model Inter-Comparison 
Program (CMIP) has produced archives of simulations, using leading General Circulation Models, and 
common input data and standardized domains referred to as CMIP5. Outputs of CMIP5 GCMs were 
assessed in the latest report by the IPCC- AR5.  

Past Projection Studies for Sri Lanka 

Previous studies had been conducted to project the future climate based on Carbon Dioxide emission 
scenarios developed by the IPCC in their Special Report on Emission Scenarios (IPCC-SRES) (IPCC, 2000). 
Climate predictions for Sri Lanka have been done only for SRES scenarios A1F1, A2, B1 and B2. A study 
done using GCMs by HadCM3, CSIRO and CGCM predict an increase in temperature by 2 – 3 0C under 
A1F1 scenario, 0.9 – 1.4 0C increase under B1 scenario and 1.7 – 2.5 0C increase under A2 scenario at the 
end of the 21st century (Basnayake, et al., 2004). Another study using the HadCM3 model has predicted 
1.6 0C and 1.2 0C increase in temperature by 2050, under A2 and B2 scenarios respectively (De Silva, 
2006).  

Prior assessments have shown consistency across global climate models for temperature projections. 
There is greater variability among the projections with regard to precipitation (Eriyagama, et al., 2010); 
(Mahanama & Zubair, 2011).HadCM3 and CSIRO models have predicted higher southwest and northeast 
monsoon precipitation under A1F1, A2 and B1 scenarios, but CGCM model has predicted lower rainfall 
in these two monsoon seasons for the future (Basnayake & Vithanage, 2003, Eriyagama, et al., 2010). 
Another study has predicted higher southwest monsoon rainfall and lower northeast monsoon rainfall 
using HadCM3 GCM and A2 scenario (De Silva, 2006). Similar prediction has also been made using the 
same GCM but with A1 and B1 scenarios (Basnayake & Vithanage, 2004). The effect of changing the 
planting date of rice as an adaptation strategy to climate change under A2 and B2 scenarios has also 
been studied previously (Dharmarathna, et al., 2014). 
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Recent Work at FECT 
FECT has tried to bring best practices into generating climate change projections. The work that has 
been undertaken is not completed but it does a good job of addressing the quality and uncertainty of 
the assessments.    

Climate change projections for Sri Lanka for the 21st century has been produced using 20 CMIP5 GCMs, 
and latest CO2 concentration pathways adopted by the IPCC for AR5 called Representative 
Concentration Pathways (RCP). Out of 4 possible concentration pathways categorized based on possible 
range of radiative forcing by year 2100 relative to pre-industrial values (van Vuuren, et al., 2011) 2 were 
used (RCP4.5 and RCP8.5). Here RCP8.5 is the worst case CO2 emission scenario. Projections for the 21st 
century were done for three 30-year periods, 2010- 2040, 2040- 2070 and 2070- 2100.  Here, only 
results obtained for Batalagoda is presented, located in south-western Sri Lanka under the worst case 
CO2 emission scenario in 2040- 2070 period which wasdefined as the Mid-Century.   

 

Figure 3: Projected Temperature (top) and Rainfall (bottom) Climatologies for 2040- 2070 of all GCMs 
under RCP8.5 for Batalagoda. Black line with stars shows the climatology of the baseline (1980- 2010) 
period while the green line shows CCSM4 GCM. 

Figure 3 shows temperature and rainfall climatologies in Batalagoda during 1980- 2010 by the black solid 
line and future projections of 20 selected GCMs of each month by box and whisker plots. Box and 
whisker plots provide information about the variability of 20 future projections for each month and 
thus, the uncertainty. In the temperature prediction, the variability of 20 predictions by 20 GCMs are 
similar throughout the year which ranges from 1- 2.5 0C above the historical mean temperature each 
month. Contrary to the temperature prediction, the rainfall prediction shows variability of different 
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magnitudes among 20 predictions in different months of the year. June to August has the lowest 
variability and also the lowest expected change of rainfall magnitude while September to December has 
the highest variability and the highest change in rainfall.   

 

Figure 4: Projected annual Maximum Temperature departures of 20 GCMs from the historical average 
during the Mid-Century under RCP8.5 in Batalagoda, Sri Lanka. 

Figure 4 shows projected maximum temperature changes by 20 GCMs in the Mid-Century. While some 
models predict an increase as low as 0.9 0C, some predict more than 20C increase in maximum 
temperature. This is a good example for the uncertainty associated with predictions using GCMs. 
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Figure 5: Projected annual Rainfall departures of 20 GCMs from the historical average during the Mid-
Century under RCP8.5 in Batalagoda, Sri Lanka. 

According to Figure 5, some models predict that the rainfall will decrease in the future, while the 
majority of models predict that rainfall will increase.  

There is a very high uncertainty regarding the magnitude in which the rainfall shall change in the future. 
About half of the models predicting an increase in rainfall expect that the change will be below 0.5 mm 
while one fourth of models predict an increase excess of 1 mm in the Mid-Century. 

Following a study by (Zubair, et al., 2015) 5 GCMS (CCSM4, GFDL-ESM2M, HadGEM2-ES, MIROC5, MPI-
ESM-MR) were selected for further analysis, and the summary statistics for RCP8.5 scenario in 
Batalagoda are tabulated as follows (Table 1). The standard deviations of projected means of 5 GCMs 
were found to be higher than that of the historical mean. 
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Table 1: Daily mean, standard deviation and the confidence interval of mean, of maximum and minimum 
temperatures and rainfall in Batalagoda. Historical calculations are done using data from 1980- 2010 
and calculations for other 5 GCMs are done using projected future values during 2040- 2070. 

Scenario TMAX  (oC) TMIN  (oC) Precipitation (mm) 
Mean SD CI Mean SD CI Mean SD CI 

Historical 31.3 1.9 ± 0.03 23.4 1.8 ± 0.03 5.0 13.2 ± 0.24 
CCSM4 32.8 1.9 ± 0.03 24.9 1.8 ± 0.03 5.2 14.6 ± 0.27 
GFDL-ESM2M 32.7 2.1 ± 0.04 25.0 2.0 ± 0.04 5.3 15.0 ± 0.28 
HadGEM2-ES 33.5 2.0 ± 0.04 25.9 1.9 ± 0.03 4.9 13.6 ± 0.25 
MIROC5 32.7 1.8 ± 0.03 24.9 1.8 ± 0.03 5.8 15.5 ± 0.29 
MPI-ESM-MR 32.9 2.0 ± 0.04 25.3 1.8 ± 0.03 6.3 17.2 ± 0.32 
 

Results under both RCPs show that both minimum and maximum temperature shall increase in the 
future. Temperature increase under higher CO2 emission scenario (RCP8.5) is about 0.5 0C higher than 
RCP4.5 in the Mid-Century and is about 1.5 0C higher by the end of the 21st century. Majority of 
prediction models expect an increase in rainfall, but there is high uncertainty about the magnitude 
which it will increase. When comparing the results for rainfall predictions under RCP4.5 and RCP8.5, by it 
is evident that the expected magnitude of change is the same but the variability of the prediction is 
higher under the high emission scenario. 
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OBSERVATIONS 

 
Sri Lanka’s rich biodiversity is primarily due to its topography and climate. Many sub-species occur due 
to climatic isolations. Further, behavioral changes also occur due to climate differentiations. 
 
Despite the fact that people know there are many changes occurring in the world of plants and animals 
due to climate change, in Sri Lanka we have very few published articles. Therefore, together with the 
articles on climate change, some pages on ‘Observations’have been included. 
 
These observations were contributed by researchers in the field. They are merely ‘observations’ and are 
not scientifically linked to climate change but, it could be an eventuality. 
 
You are left with some ‘food for thought’, to open your eyes and observe and relate the changes in your 
environment. You are encouraged to scientifically document climate change with biodiversity and assist 
us to conserve those species and habitats that are most sensitive to climate change. 
 
 
Hasula Wickremasinghe 
Methmali Rajaguru 
 
Climate Change Secretariat 
Ministry of Mahaweli Development & Environment 
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Declining populations of some threatened plants associated with rocky 
seepages in Knuckles area. 

Sarath. P. Ekanayake  
Centre for Applied Biodiversity Research & Education (CABRE), Sri Lanka - sekanayake@gmail.com 

 

Rocky seepages are special micro- environments where open rocky areas, with or without thin layer 
of soil, are constantly washed by slowly escaped natural spring water. The low growing vegetation 
on bare rock is often patchy and variable depending on soil depth, moisture regimes, physical 
properties of the rock formation and light conditions. Lichens, mosses, Bryophytes, ferns and few 
species of flowering plants occupy such specific habitats. Also, the rocky seepages are safe havens 
for several specially adapted small animals.  

Frequent visits to the northern part of Knuckles area, during the last 25 plus years, enabled the 
observation of the decline of populations of several threated plants populations adapted to 
seepage environment. Among them, Brachystelma lankana (Patan Ala) Dipcadi montanum (Wal 
loonu) and Didymocarpus humboldtianus are noteworthy threatened herbaceous species. There is a 
strong possibility that climate change is badly affecting populations of those plants by way of 
making unfavorable moisture regimes, temperature extremes and spread of bush fire in dry season. 
Some recent studies on climate change in Sri Lanka have proven that, over the years, the country is 
experiencing gradual increase of mean air temperature, increase of number of consecutive dry days 
and decrease of consecutive wet days. Hence, at habitat level, the end results turn out to be heated 
rocks, dried springs and weak mist formation in the environment – a massive climatic blow to the 
moist loving sensitive flora through a desiccation effect.  

Brachystelma lankana is a small herb with a globose edible tuber that grows in shallow soil 
carpeting the wet rocky surface at Pitawala Patana grassland. This plant is a critically endangered 
point endemic species and so far, it has no occurrence records from any other part of Sri Lanka. 
Dipcadi montanum is also a critically endangered native herb growing in the same area. Essentially, 
its subterranean bulbs are squeezed between horizontal rock crevices in moist habitats in grassland 
edges. Didymocarpus humboldtianus is thriving on moist vertical rocky surfaces with some shade, 
and located at higher elevations, especially, around Riverstern area. The plants are more visible 
with well developed shoots in wet season (November-February). However, over the years, 
encounters with those species have become less frequent even in wet season; especially, those 
plants at Pitawala Patana.  

 

 



126

 

 

Many sites formerly occupied by Didymocarpus humboldtianus have overgrown with invasive 
Ageratina riparia herb. Trampling due to over visitation of Pitawala Patana area is an added 
pressure on Brachystelma lankana and Dipcadi montanum. The situation probably calls for 
appropriate actions for the safety of those kinds of habitat specialists. At present, the set of 
conditions necessary for those species is poorly understood, and such small scale sensitive habitats 
often escape the eye of conservationists.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 1: Pitawala Patana turf grass community on thin soil 
layer of rocky expanse where Brachystelma lankana and 
Dipcadi montanum are found occasionally. 

Figure 2:  Didymocarpus humboldtianus attached to moist 
vertical rock surface. 
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Thoughts on the possible effects of climate change on the Odonata of Sri Lanka 
 

Nancy van der Poorten 
 
Since Odonates rely almost entirely on water throughout their life, changes to rainfall patterns and to 
their water environment would be expected to affect them significantly. One study showed that the 
higher elevations have experienced a loss of rainfall whereas the lowlands of the southwest have 
experienced enhanced rainfall with changes in rainfall patterns (Malmgren et al. 2003). Rainfall has 
tended to be more intense with longer periods of drought. Many of Sri Lanka’s endemic odonates are 
found in the lowlands of the southwest and in the higher elevations and many are stream-dwellers in 
the larval stages. Each species, however, is adapted to a particular type of stream: some require slow-
moving or still water; others fast running water. We might expect that species that are adapted to stiller 
waters would be affected by intense rainfall that would cause flooding, whereas those species adapted 
to fast-flowing streams might be most affected by the longer periods of drought which would reduce 
stream flow and volume. It would be the larval stages that would suffer since the adults are free flying in 
the air. 
 

 

Libellago corbeti female ovipositing onto a leaf floating on a stream 
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Malmgren, B.A., R. Hulugalla, Y. Hayashi & T. Mikami. 2003. Precipitation trends in Sri Lanka since the 1870s and 
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10.1002/joc.921 

 
 
 
 

 



128

Climate Change: How will it impact on Mollusca? 

 Malik Fernando  
muhudubella@gmail.com 

The Phylum Mollusca includes many life forms that inhabit marine, brackish water and freshwater 
habitats - as well as terrestrial ones. For the purpose of this article I shall deal only with the shelled 
molluscs of marine and brackish waters—the snails and bivalved clams. As a matter of interest other 
marine mollusca include the octopus, cuttlefish, squid and small deep-water forms such as tusk shells 
and spirula. 

The expression ‘Climate change’ is a term that would mean different things in different contexts; e.g. 
changes in rainfall pattern, seasonal temperatures, wind patterns, oceanic currents and so on, mostly 
inter-related. What is relevant to this article is rise in atmospheric and sea temperature and the 
secondary effect of rising sea levels as a result of shrinkage of the polar ice caps. 

A majority of the shelled molluscs live sub-tidally, i.e. below the level of the lowest tides, where they are 
always covered by water. In these habitats they would experience rising water temperatures, but would 
probably not be much affected by changes in sea level. On the other hand, those specialised forms that 
live in the inter-tidal zone probably would be affected by sea level changes earlier rather than later. 
These animals, and the algae (seaweeds) amongst which they live, are periodically submerged or 
exposed to sunlight for varying periods; many of them requiring specific periods of wet and dry sunny 
conditions.  

 

 

 

Inter-tidal habitats exist in a variety of forms: rocky shores, sandy beaches, mudflats, estuaries and 
mangroves. Each type of habitat has its own diversity of species. If we look at shelled molluscs we would 
find snails and clams adapted to withstand breaking surf on exposed rocky shores; or able to burrow 
into sand at the water edge on sandy beaches; or on mudflats, the clams burrowing into and the snails 
living on the mud surface; or in estuaries and mangroves adapted to varying degrees of salinity, from 
near seawater to near freshwater, living on the muddy bottom or on the surrounding vegetation. In 
each of these habitats a suitable environment includes shelter and sufficient prey species. Shelter would 
be provided by plants, such as seaweeds or riverine/mangrove vegetation, or other, larger animals 

Clypidina notate Umbonium vestiarum Cerithium obeliscus 
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(shells) on which they could attach themselves. Prey species would be plants or animals of various types, 
including plankton and organic detritus. 

Changing temperature is likely to deplete populations that are unable to adapt to such change; or to 
shift populations to other areas that are within the tolerable temperature range. In a tropical country 
like ours, if the sea gets too hot, where can they go? Research along the Pacific coast of North America 
has shown subtropical species extending their range north together with the spread of warmer 

water.  We have been seeing a temperature-related event in recent years in our off shore reefs by the 
bleachingof coral. Periods of increased seawater temperature kills minute, single-celled algae that live in 
the tissues of corals. The coral responds by expelling them, turning white in the process, as the 
zooxanthellae, as they are called, are responsible for the colour of the coral. They also contribute 
nutrients by way of photosynthetic products and the loss of this source of energy eventually leads to the 
death of the coral.  
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Impact of climate change for sea turtles 

Lalith Ekanayake 
Bio Conservation Society (BCSL), 

bcssl@yahoo.com 
 
Genetic sex determination (GSD) predominates among vertebrate species. Nevertheless, in many 
reptiles and in some other taxa, sex is determined by environmental factors, such as temperature 
(Temperature-dependent Sex Determination- TSD), that act after conception. In many species of 
reptiles, the incubation of eggs at some temperatures yields 100% phenotypic males, whereas 100% 
phenotypic females are produced at other temperatures.  Both sexes may be produced only in a range 
of temperatures, often narrow, between these male and female producing temperatures.  This range of 
incubation temperature is called the transitional range of temperature or TRT and it is usually at a range 
of 2-3ºC.  Within this range, is centered the "pivotal temperature" defined as the temperature during 
incubation at constant temperature, which gives 50% individuals of each sexual phenotype.  The pivotal 
temperature cannot be determined for a single egg, but for single clutch.  
 
Of the seven species of sea turtles in the world, five come ashore to nest in Sri Lanka while their feeding 
habitats & migratory routes arelocated around the island (Green turtle, Hawksbill, Leatherback, 
Loggerhead and Olive ridley turtle). Sea turtles also haveTSD and the lower temperature produces more 
males while the temperature higher than the pivotal temperature produces more females.  Naturally, 
green turtles have 30:70 male female ratio in most populations in the world and the pivotal temperature 
is estimatedat 29°C. But, due to the increase of environmental temperature the female ratio could reach 
90 or more. The temperature increase will highly impact the sex ratio and it could lead to unbalanced 
wild population. Further, it was observed that in many sea turtle hatcheries in Sri Lanka the reburied 
nests were shallower than the natural nests. Climate change and temperature increase will impact those 
nests and almost all the hatchlings could be females. The emerging hatchlings are staying in the upper 
part of the nest until the environmental temperature gets lower in the evening or night. We have 
observed that some dehydrated turtle hatchlings dead in the top layer of the nest due to the higher 
temperature in the daytime.  
 
Sea turtles represent an ancient and distinctive component of the 
world’s biological diversity.  They first appeared more than 100 
million years ago.  They are highly adaptive species for the 
environmental changes, climate change and temperature rise.  
However, it has taken millions of years for those environmental 
changes to occur. But, due to human activities the global 
temperature is changing rapidly within a short period of time. 
Therefore, it is highly unlikely that sea turtles could adopt and 
tolerate this rapid change and hence, they are at risk.       
 
 

Green Turtle (Chelonia mydas) 
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Landsnails are susceptible to climate change

Mahesh Priyadarshana 
srilankanseals@gmail.com 

 

Sri Lanka has a rich diversity of land snails. Two hundred and fifty three species of land snails have been 
recorded so far, of which 205 (81%) are endemic to the country. According to the 2012 National Red List, 
179 species have been listed in a threatened category. (Ranawana & Priyadarshana, 2012). 

Five land snail genera, namely Ravana, Ratnadvipia, Acavus, Oligospira and Aulopoma are restricted to 
Sri Lanka. Their specific habitat lies in the wet and southwestern region of the island. This genera 
requires shade and constant moist conditions and is sensitive to high temperatures. Micro snails such as 
Oligospira and Leptopoma envelop themselves in a bag of mucous to prevent dehydration when 
temperature increases. 

Species such as Cryptozona chenui, Ratnadvipia irradians, Acavus phoenix, Corilla adamsi, Beddomea 
albizonatus and Leptopoma semiclausumare considered as indicator species of the lowland rainforests 
(Raheem et al., 2000). 

With the recent prevailing dry conditions in the lowland wet zone, in certain areas, live specimens of the 
above land snails could not be observed. Only shells and operculum were found.  The rainforest 
conditions seem to be fast disappearing. Therefore, it could be surmised that temperature increase 
would be detrimental to the survival of moisture loving species, driving them closer to extinction. 

Reference 

Raheem,D.,Butterworth,T.Inglis,C.Priyadarshana T.G.M. and Perera. L.J.K.R. (2000) “Land snail diversity in Sri 
Lankan rainforest remnants. 

Ranawana, K.B. and Priyadarshana, T.G.M.,”The taxonomy and the conservation status of Land snails in Sri Lanka” 
(2012). In: The National Red  List 2012 of Sri Lanka; Conservation Status of the Fauna and Flora Weerakoon, 
D.K.& S.Wijesundara Eds., Ministry of Environment, Colombo, Sri Lanka. 65-67pp. 
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Possible impact of drought on Nannophrys ceylonensis 

Hasula Wickremasinghe 
Climate Change Secretariat, Ministry of Mahaweli Development & Environment 

hasulaw@yahoo.com 
 
Nannophrys ceylonensis commonly known as Sri Lanka Rock Frog is endemic to the central, western and 
southern region of Sri Lanka and listed as Endangered according to the National Red List (2012).  It is 
mainly an aquatic species and inhabits rocky cascades, wet rock surfaces and under boulders where 
conditions are moist. Since its colouration is yellowish-brown with mottled brown patches it is well 
camouflaged when sitting on rocks. 

The female frog lays clusters of eggs in rock crevices in the spray zone or on rocks which are constantly 
moist. The tadpoles hatch on the rock surface and feed on algae and micro-organisms untill they 
become adults. 

Nannophrys ceylonensis and its tadpoles thrived on a rock which was adjacent to a narrow steam in a 
forested home garden at Warakapola for many years. Due to a prolonged drought which prevailed in 
that area for a couple of months, the rock surface which was its habitat dried up. Thereafter, sightings of 
N. ceylonensis was not prevalent. 

There are only four species of Nannophrys listed in Sri Lanka of which one species, N.guentheri is already 
listed as Extinct, and the extant three species are restricted to moist conditions and listed in a 
threatened category according to the National Red List (2012). Besides desiccation of habitats due to 
droughts, they are also susceptible to high concentrations of agrochemicals in water bodies. Other 
climate change factors such as increase in atmospheric temperature, may also cause biological changes 
in the species resulting in a population decline. 

 

 

 
 
 
 
 
 
 

Nannophrys ceylonensis 
(Source: Internet) 

  

Nannophrys ceylonensis  
(Sourse: Internet) 
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Fish in jeopardy 

Nadika Hapuarachchi 
Wildlife Conservation Society Galle 

hapu007@yahoo.com 
 

A recent hike through the Baddegana Wetland found a marsh that was drying up. Instead of a water 
bogged land, there were only small pools of water here and there. A large number of Puntius vittatus 
(silver barb) was congregated in a small pool of shallow water with their mouths gaping.  

It is possible that the temperature increase in the water would have depleted the oxygen percentage, 
thereby inhibiting respiration. These fish were an easy prey to a group of egrets. 

Similar observations have been made at Malabe, Attidiya and Bandaragama wetlands. Further, it was 
interesting to note, at Attidiya, while the native species were finding it difficult to adjust to the dry 
conditions, exotic species were thriving. This was especially seen of the three spot gourami and Snake 
skin gourami. This may also be due to the fact that these gouramis can breathe air directly, as well as 
absorb oxygen from water through gills. 

 

 

 Snake skin gourami Three spot gourami Silver barb 
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wêl WKqiqu l=re¿ megjqkaf.a meje;aug ;¾ckhlao@ 

iqika; Wvf.or 

uscudagedara@gmail.com

 

msúiqu 

ks;U oï iQálald f,i isxyf,ka yÿkajk l=re¿ úfYaIh" bx.%Sis NdIdfjka Purple-rumph Sunbird 
f,io" Nectarinia zeylonica ^Linnaeus" 1766& hk úoHd;aul kdufhkao yÿkajkq ,efí'  2012 jif¾ 

m%ldYhg m;a lrkq ,enQ cd;sl r;= o;a; fmd;g wkqj fuu l=re¿ úfYaIfha  iq,N;dhj ksid wvq 

wjOdkï ^Least Concern- LC&  mlaIsfhl= f,i kïlr we;' 

iQálalka w;r fláu fydgla we;s fuu mlaIshdf.a fydgh hgg keù we;' msßñ mlaISka f,dyj;a" is¨gq 

ms,al,U yd ks,ajka oï ks;U iys; jk w;r lsre, ;o ks,a meye;sh'  .eyekq mlaISkaf.a Wvqlh T,sõ 

ÿUqre meyeh .kakd w;r mshdm;a ;o ÿUqre meye;s fõ'  fuu mlaIshd iEu úgu  hqj,la f,iska 

yeisfrk w;r u,aj, me‚ Wrd îug m%sh lrhs' iqjÈ iuh ^ì;a;r ouk ld,h& fmnrjdß ui isg cQks 

ui olajd Èfjk w;r fojk iuh wf.daia;= iema;eïn¾ w;r jd¾;d fõ' fudjqka f.a l+vqj idokq 

,nkafka jeiqkq wdldrfha nqnq,la f,ih' úYd,;ajfhka ñ' ó' 17×11 muK jq fld< meye;s ÿUqre ;s;a 

iys; ì;a;r 2 la muK ouk nj ;yjqre fldg we;'  

ksÍlaIKh( 

f;;a uOH  lÿlr 2î mia ldKavh iys; lDIs mdßißl l,dmhg wh;a udf.a ksji wi, ;sfnk foys 

.il ^Citrus aurantifolia& ksji mj;sk ÈYdjg uqyqK,d fuu ui ud¾;= ui ;=,§ .eyeKq iy msßñ 

mlaIshdf.a iyNd.s;ajfhka w,xldrj;a nqnq,la jeks l+vqjla ;ekSu wdrïN lrk ,§ ^PdhdrEmh-1&' fuh 

ilia lsÍfuka wk;=rej .eyeKq mlaIshd l+vqj ;=,u  /§ isákq olakg ,eì‚' fïksid wm úiska fuu 

mlaIshd ì;a;r rlsk njg ks.ukh lrk ,§' fuf,i l+vqj ;=, ì;a;r /lSug wdikak jYfhka  Èk 

10la  muK .;lrk ,§' miqj fudjqka fydgh ;=, wdydr ;ndf.k l+vqjg hk wdldrh iy megjqkaf.a 

Yíoh u.ska ì;a;r msmsÍ megõ isák njg ;yjqre flß‚' fuf,i wdikak jYfhka Èk 20la muK 

lEu leùu isÿjQ w;ru ^PdhdrEmh -1 iy 2& wjidk Èk j,§ l+vqfõ isÿr uõmsh mlaISka úiska 

l%udkql=,j úYd, lrk ,§'  fuu.ska  wm ks.ukh lrkq ,enqfõ megjqkag b.s,Sug l%udkql=,j isÿr 

úYd, lrk njh'   

fuu ld,h uq¿,af,au ,xldjgu wêl WIaK;ajhla ^320C wxYl jvd& jd¾;d jQ w;ru tu ld,h ;=,§ 

lsisÿ j¾Idm;khla jd¾;d fkdjq‚' fuhg fya;=j bkaÿ meismsla l,dmhg n,md ;snq t,aksfkda ^El-nino& 
;;ajhla nj ;yjqre fldg ;snq‚' tneúka tu ld,h ;=, úúO mdßißl fjkia úï rdYshla jd¾;d úh' 

tys m%;sm,hla f,i uy Tfha c, uÜgu wêl f,i my, f.dia mej;=‚'   

l+vqj iod we;s ia:dkh meh 5 lg jeä ld,hla ysre t,shg ksrdjrKh ù mj;S' fï ld,h ;=, ijia 

ld,fha l+vqjg ,ïNlj iq¾hdf,dalh m;s;jk w;ru tla l=re¿ megjl= ìu jeà ñh hdu ksÍlaIKh 

lsÍug yelsúh' ;jo miqÈk ijia ld,h jkúg wfkla megjdo ìu jeá ñh hk ,È'  
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ks.ukh  

fuhg fya;=j f,i wm úiska ks.ukh lrk ,oafoa ijia ld,h ;=, wêl WKqiqu ord .; fkdyels ùu 

ksid fudjqka msydgq ksis f,i j¾Okh ùug fmr wêl WKqiqfuka fíÍug  l=vqfjka t<shg taug 

W;aidy lsÍfï§ ìug m;s; ùu ksid ñh .sh njh' m¾fhaIlhka fmkajdfok wdldrhg wo mj;sk 

mßirh úúOdldr foaY.=K úm¾hdi j,g Ndckh fjñka mj;S' ;jo tu ;;ajhka wkd.; ld,h ;=,§ 

;jÿrg;a j¾Okh úh yels nj mqfrdal:kh fldg we;' WodyrK f,i wêl jeis" .xj;=r" wêl kshÕh 

iy fjk;a wkfmalaIs; wdmod ;;ajhka ie,lsh yelsh' 

tfukau l=re¿ m¾fhaIlhka fmkajdfok wdldrhg ire cks;hka we;sùfï yelshdj fuu mdßißl 

WKqiqu by, hdu ksid wvqfjuka mj;S' fuhg wu;rj wêl WIaK;ajh ksid .eyekq mlaISka  l+vqj,g 

wdydr f.k tafï§ l+vqj ;=, .; lrk ld,h jeäfõ' tneúka megjqkag wdydr ysÕhla u;=ùug bvlv 

mj;sk w;ru Tjqkaf.a j¾Okh wju fõ'  fuys§ wmyg l=vd megjqkaf.a ñhhdu iy wêl WIaK;ajh 

iys; mßirh w;r iDcq iïnkaO;djla mj;So hkak ;yjqre lr .ekSug ;rï .eUqrg fuu ksÍlaIKh 

lr fkdue;' tneúka foaY.=K úm¾hdi ksid mlaISkag isÿjk fujka ydks ms<sn|j m¾fhaIKj,g 

fhduqùu ;=,ska úúO iïnkaO;d fidhd.; yelsh' wjika jYfhka" wkd.;fha§ ixrlaIK 

jevms<sfj,j,a ilia lsÍfï§ fujka wOHhkhka  isÿlsÍu ;=<ska foaY.=K úm¾hdi j,g wkqyqre lsÍug 

ukd msgqjy,la jkq fkdwkqudkh' 
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lEu ,nd §u ^Wmqgd .ekSu - Dr.
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lEu ,nd §u ^Wmqgd .ekSu - Dr. 
Hemachandra Kularatne) 



136

Distribution range changes of White browed fantail: An impact of climate 
change? 

 
Upul Wickremasinghe 

Field Ornithology Group of Sri Lanka,  upulwicky@yahoo.com 
 

Based on the distribution patterns of the residential bird species, 
Sri Lanka has been divided into six Avifaunal Zones (Kotagama, 
1993). They are the Northern zone, Low country wet zone, mid 
country wet zone, Hill country wet zone, Dry zone and Uva zone. 
The Dry zone and Uva zone contain mainly common bird species 
and a few rare species that are restricted to these zones. 

White browed fantail (Rhipidura aureola –බෙුසළ්ිුුෙිුද්)  is 
more prominent in the Uva avifaunal zone. It is a bird favouring 

the climate of the intermediate zone (Kotagama & Ratnavira, 2010). 

There are scattered distribution sightings of the White browed fantail in the 
Minneriya, Polonnaruwa and Maduru Oya areas which are mainly dry.  Most 
recently, this bird has been observed at Heerassagala (Hantane) in the Central 
Hills and at Sinharaja and Kanneliya which are Low country wet zone 
rainforests. Its wide spread dispersal into the wet zone may likely be due to the 
change in the climate or habitat conditions. 

Dispersal range change may affect other bird species indirectly by building up 
competition for food and nesting places. Therefore, temperature changes may 
affect species by altering their life cycles resulting in a possible decline of 
populations. 

 

 

Reference 

Kotagama, S.W. (1993). Wildlife conservation and development of the south east dry zone. In: The South-east dry 
Zone of Sri Lanka. Agrarian Research and Training Institute, Colombo 103-130pp. 
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Is the Peacock invading the Wet Zone? 

Sonali Premarathna 
Postgraduate Institute of Archaeology 

 

The Peacock has been considered as an introduced species which has established itself in the Dry Zone. 
With its high numbers, it is considered a pest by farmers to chili cultivations and other crops of the dry 
zone.  

In the excavation of Pothana Prehistoric cave site which is situated near Sigiriya in the Intermediate 
zone, the skeletal remains of a Peacock was identified (Premarathna, 2011). This faunal material was 
dated to 6,000 YBP which may mean that the Peacock was a resident bird (Premaratne et al 2012). So 
far, no Peacock remains have been found from prehistoric sites in the Wet Zone, which that the Peacock 
was a Dry Zone bird. But, recently, the Peacock was seen in Matara which is in the Wet Zone. What 
needs to be looked into is whether temperature ranges have increased in the Wet emphasizes Zone. 
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