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A B S T R A C T

Clim ate is a key factor influencing agricultural production and its fluctuations largely affect 
the food security. Sm allholder farm ers who have enorm ous constraints are the most susceptible to 
climate change, and have no alternatives but to adapt their livelihood to changing clim ate. Therefore, 
this study aims to exam ine the impact o f  clim ate change on farm income, farmer awareness, adaptation  
options and determ inants and barriers to adaptation. The study was based on a prim ary survey 
conducted with a sam ple o f  107 farmers in the m ost vulnerable three Divisional Secretariats (DS) in 
Kurunagala District in April 2013. Data w ere analyzed using logistic regression model. The results 
indicate that 97 %  o f farm ers are affected by clim ate change and drought is the prom inent clim atic 
hazard in the area.'Further 44 % o f agriculture incom e lost by each o f the 4 seasons due to drought. 
The awareness o f  clim ate change am ong the farm ers is high but the adaptation is poor. Lack o f  
knowledge on adaptation methods, unavailability o f  prior information on clim ate change, absence o f  
suitable cultivars and lack o f funding are the factors hindering adaptation. Therefore, focused  
extension program m es to em power farmers with knowledge on climate change and inputs, research on 
tolerant varieties and education on crop cultivation planning guided by weather forecasting are 
envisaged.
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IN T R O D U C T IO N

C lim ate  change is defined as statistica lly  sign ifican t variation in e ith e r m ean state 
o f  the c lim ate  o r its variability , persisting  fo r an extended period typ ica lly  decades o r 
longer (B asnayake, 2011). Even though Sri L anka is a  neglig ible con tribu to r to  g lobal 
w arm ing, it is h igh ly  vulnerable to  the  im pact o f  c lim ate  change as a  nation . T he im pact 
o f  c lim ate  change on w eather in Sri L anka  indicates th a t a ir tem perature has increased  by
0.64 °C o v e r th e  past 40  years and 0 .97  °C o v e r the  last 72 years, w hich  revealed  a  trend  
o f  0.14 °C p e r decade (M E, 2010). H ow ever, the assessm ent o f  m ore  recen t tim e band  
has show n a  0.45 °C increase over th e  last 2 2  years, suggesting  a  ra te  o f  0.2 °C p er decade 
(M E, 2010).

F u rther, consecu tive d iy  days are increasing  in the  D ry and  In term ed ia te  Z ones, 
am bien t tem peratu re  (both  m inim um  and m ax im um ) has  increased and  th e  num bers o f  
w arm  days and  w arm  nights have increased , w h ile  th e  num bers o f  co ld  days and  co ld



nights have decreased (ME, 2010). Rainfall variability indicates that the p re c ip ita tio n  
patterns have changed, but conclusive trends are difficult to establish. A trend  fo r r a in fa l l  
decrease has been observed historically over the past 30-40 years, but th is  is n o t  
statistically  significant (ME, 2010). There is a  trend in the increase o f  one day h e a v y  
rainfall events, and an increase in the 'frequency o f  extreme rainfall events is a n tic ip a te d , 
w hich w ould in turn lead to more floods (M E, 2010). Fu -:-'er, the increased frequency  o f  
d iy  periods and droughts are expected and the general vanning trend is expected  t o  
increase the frequency o f  extreme hot days (M E, 2010). Accordingly, m inim izing c lim a te  
change im pact on food security is one o f  the key strategic thrusts in N ational C lim a te  
C hange A daptation Strategy for Sri Lanka 2011-2016 (ME, 2010).

A gricultural production remains the main source o f livelihoods for the  m ost ru r a l  
com m unities in Sri Lanka as it provides em ploym ent for 31 % o f  the population a n d  
contributes 11.1 %  o f  Gross Domestic Production in the year 2012 (C B SL, 2 0 1 2 ) . 
C lim ate change will have greater negative impact on poor farm households as they h a v e  
the low  adaptive capacity to climatic change. In spite o f  the technological advances m a d e  
on im proved crop management, irrigation, plant protection and fertilization, w eather a n d  
clim ate rem ain the key factors o f  agricultural productivity in any country. A daptation  to  
clim ate change involves changes in agricultural management practices in response t o  
changes in clim ate conditions. It often involves a combination o f  various in d iv id u a l 
responses at the farm-level and assumes that farmers have access to  alternative p ra c tic e s  
and technologies available in the region (IFPRI, 2007). Further, adaptation is the e n d in g  
result o f  how  perception o f climate change is translated into agricultural decision m a k in g  
process.

A  key challenge for decision makers, policy makers, and developm ent partners is  
to understand the strategies adopted by farmers and other stakeholders in their e ffo rts  to  
address clim ate change-induced w ater stress. Smallholder farmers are the m o s t  
vulnerable to  clim ate change, and they have no alternative but to adapt their liv e lih o o d  
system s to  changing climatic conditions. Adaptation methods are therefore im portant t o  
help these com m unities to minimize the negative impacts o f extreme w eather co n d itio n s  
associated with climate change and variability. Adaptation has the potential t o  
significantly contribute reduce the negative impacts from changes in clim atic co n d itio n s  
as w ell as other changing socio-economic conditions such as volatile short te r n  c h an g e s  
in local and international markets. Therefore, an analysis o f  adaptation options a n d  
constrain ts to  adaptation is important for the agricultural communities (IFPRI, 2 0 0 7 ). 
Thus, th is paper aims to examine the impact o f  climate change on farm income, fa rm e r 
percep tion  on changes o f  climate, adaptation options and their determ inants as w ell a s  
barriers to  adaptation.



M E T H O D O L O G Y

T h is  s tudy  w as based o n  a  p rim ary  questionnaire survey  cond u cted  in 
K urunagala  d is tric t w here  conventional ag ricu ltu re  is dom inant and  crops are  regu larly  
affected  by  d ro u g h t conditions (M E , 2010). A ccord ing  to the vu lnerab le  m aps o f  S ec to r 
V u lnerab ility  P ro file  A gricu lture  and  F isheries 2010  (M E, 2010), the m ost vu lnerab le  
th ree D iv isiona l S ecretariats (D S ) o f  K urunegala  d istric t nam ely, K u liyap itiya  W est, 
P anduw asnuw ara  and  G algam uw a w ere  selected  and  36, 39 and 32 paddy  farm ers, w ere 
random ly  se lec ted  from  three D S d iv isions, respectively . A  survey w as conducted  during  
y ea r 2013 ,vith a  to ta l sam ple size o f  107 farm ers. D ata  on perception o f  c lim ate  change  
w ere recal led fo r the  m aha  2010/2011 , y a la  2011 , m aha  2011 /2 0 12, ya la  2012  and  m aha  
2012/2013 seasons.

T he  consequences o f  chang ing  c lim ate  on farm er incom e w ere  ob ta ined  by  m ean 
incom e loss. F arm er perception on c lim ate  change w as captured  by develop ing  an 
A w areness Score, u sing  eight sta tem en ts on c lim ate  change. Each precise  an sw er w as 
given o n e  m ark  and  the  score varies from  0 (w orse) to 8 (best) p er ind iv idual. T he level 
o f  aw areness o f  overa ll sam ple w as ob ta ined  descrip tively . The adap tation  m ethods w ere 
illustra ted  descrip tive ly  and the  determ inan ts o f  adaptation to  c lim ate  change w ere 
estim ated  u sing  m ultivariate  L ogit m odel as  given in Equation 1. T h e  dependen t variab le  
(Y ) is b in a iy  (an  individual adap ting  to  c lim ate  change =  1 and no t ad ap ting  to  c lim ate  
change — 0). T he L og it m odel d id  n o t p red ic t the  p rec ise  value o f  Y , b u t L o g it value o f  Y  
(Li = i« (r7^-) =  log o f  the  odd ratio  i.e. the  p robab ility  o f  an individual adap ting  to  c lim ate

change (Pj) w ith  resp ec t to the  p robab ility  o f  non-adap ting). The coeffic ien ts (J3i) o f  the 
L ogit m odel exp ressed  the change in L og it (L i) fo r un it change in independen t variab les 
(Xj). T he  d efin itions fo r the independen t variab les x* (A , Edu, L, I, A S , IL , W ) are  g iven  
in T ab le  1. B arriers to  adaption  and  feasib le  in terven tions w ere ob tained  descrip tively .

Lt =  I n f - Z i - )  = P o +  P \A  +  f o E d u  + fa L  +  f a l  +  ySsA S  +  0 &IL  +  yff7 W ........... (E q . 1)

Table 1. Independent variables used in the study.

Category Symbol Definition o f  variable
. Age o f  the farmer A Age in years
Education level Edu Education rated as 0=no education, 1 =grade 1 -5, 2=grade 6-OL, 

3=AL, 4=  graduate
Total land extent L Total land extent in acres
Annual income I Total annual income in rupees
Awareness score on climate AS Individual score developed as explained above (vary 1-8)
Income loss due to drought/ 
season

IL Agriculture income loss due to drought per season (rupees)

W illingness to adaptation W W=I i f  farmer is w illing to adapt to climate change, W= 0  i f  not



R ESULTS A N D  D ISC U SSIO N

Results have revealed that 97 %  o f  the farm ers in the selected vulnerable  th r e e  
DS divisions in Kurunagala district during the last 5 years have been affected by c lim a te  
change. D rought m ainly affect to 89 %  o f  the farm ers by all four season and 36 %  o f  th e  
farm ers affected by both drought and flood (Table 2). Yala 2012 season w as the  la te s t  
season affected by drought and maha 2012/13 season was recently affected by  f lo o d . 
A griculture holds 80 % o f  the total income and changing clim ate made 44 %  o f  o v e ra ll  
loss to  agriculture income (Table 4). Im pact o f  drought was com paratively h ig h e r in 
Panduw asnuw ara DS division (Table 4). The m ean awareness score being 6.05 in d ic a te s  
that the overall sam ple is greatly aw are on clim ate change and tem perature asp ec ts  a re  
more sensitive over the rainfall aspects (Table 2). The descriptive statistics o f  the o v e ra ll 
sam ple is given in Table 2.

Adaptation to climate change is poor as only 46 %  endeavour to  a d a p t. 
Com parative high income status made probably the farmers in K uliyapitiya W est D S  
division to  be f  .ore adopted than G algam uw a and Panduwasnuwara DS divisions (T a b le  
5). The popular adaptation m ethods are mixed cropping (32 %), cultivation o f  s h o r t  
duration crops (30 % ) and new crop varieties (25 % ) (Figure 1).

Table 2. Socio-economic characteristics o f the sampled population.

Character Frequency % Mean SD
Age o f  the farmer (years) 52.92 11.32
Education level

<1 0 0
1 - 5 12 11
6 -O L 79 74
AL 15 14
Degree 1 1

Total land extent (acres) 3.995 3.087
Annual income (Rs.) 461,085 592,647
Awareness score on climate 6.047 1.41
Income loss due to drought/ season (Rs.) 81,533 85,422
Willingness to adaption

Willing to adapt 97 91
Not willing to adapt 10 9
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The results o f  the logistic regression indicate that the farm ers w ho have h ig h e r  
incom e, h igher awareness on clim atic  variations and m ore w illing to adapt to  c lim a te  
change significantly (p=0.1) m ade adaptation to cultivation on clim ate c h a n g e . 
C onversely , higher income loss due to drought resulted significant (p=0.1) n e g a tiv e  
im pacts on adaptation em phasizing m ore the financial necessity (Table 6).

The m ajor barriers to adaptation are lack o f  knowledge on adaption m ethods (4 8  
% ), lack o f  funding (32 % ), absence o f  prior information on clim ate change (31 % ) a n d  
absence o f  suitable cultivars (26 %) (F igure 2). Thus, the farm ers dem and new v a rie tie s , 
seeds and fertilizer and new  technologies to  cope with the clim ate change (Figure 3).

Table 3. Percentage farmers affected by drought and flood conditions in selected DS divisions.

Village
Only affected  

by drought
Only affected  

by flo o d
Affected by both 

drought and flo o d
Not affected b y  
climate change

Galgamuwa 63 16 12 9
Kuliyapitiya West 92 0 8 0
Panduwasnuwara 10 8 82 0
All three _ Ŝ divisions 53 7 36 3

Table 4. Income status and income loss due to drought condition o f the selected DS divisions.

Total annual Income from  Agriculture Effect from  drought
Income (Rs) agriculture income as a Income loss o f  Income loss a s  a  

fo r  normal % o f  total season (2012 % o f  agriculture
Village season (Rs) income yala) income
Galgamuwa 452,525 176,950 80 71,786 41
Kuliyapitiya West 628,036 252,851 76 87,147 34
Panduwasnuwara 314,000 130,077 84 84,348 65
All three DS
divisions 461,085 185,402 80 81,533 44

Table 5. Percentage adapting and not adapting to climate change in selected DS divisions.

Village
Adapt to climate 

change (%)
Not adapt to climate 

change (%)
Galgamuwa 38 63
Kuliyapitiya West 67 33

~ panduwasnuwara 33 67
All three DS divisions 46 54



Table 6 . Factors affecting adaptation to climate change in vulnerable areas of K urunegala district.

Variables Coefficient SE P  value Odds ratio

Age o f  the farmer -0.009 0.021 0.652 0.99
Education level 0.402 0.461 0.384 1.49
Total land extent 0.115 0.141 0.415 1.12
Annual income 0 .000002* 0.000 0.098 1.00

Awareness score on climate 0.3424* 0.128 0.053 1.21

Income loss due to drought/ season -0.000006* 0.000 0.098 1.00

Willingness to adaptation 1.803* 0.770 0.019 6.07
Constant -4.164* 1.982 0.036
No o f  observations 107
Log likelihood -57.697

Note: * The coefficients are significant at p=0.1

Lack o f  
finance

Lack o f Lack o f  
information labour & 
on climate capital 

change

Lack o f  
Land

Lack o f  
suitable 
cultivar/ 
Variety

Lack o f  
knowledge 

about
Adaptation

Lack o f  
irrigation 
facilities

Figure 2.

®Galgamuwa * Kuliyapitiya West Panduwasnuwara ■ All three DS divisions 

Barriers to adaptation in vulnerable areas o f Kurunagala district.

®Galgamuwa ■ Kuliyapitiya West Panduwasnuwara ■ All DS Divisions 

Figure 3. Farmer demands to cope climate change in vulnerable areas o f K urunagala district.
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Increasing  global w arm ing has caused various clim atic related  d isasters thereby  
adversely  affecting  agriculture, food security , w ater resources, b io -d iversity  and overall 
econom y as a  w hole. Irrespective o f  production system s, clim atic related  events such as 
drought, cyclones, floods, frost, high w inds and extrem e tem peratu re  con tribu te  to  
farm ers’ vulnerability  and im pact on national food security. In th is  context, the  im pact o f  
clim ate change on agriculture is an issue o f  great significance to  the livelihoods o f  poor 
people w ho depend on agriculture.

A  study done by IFPRI (2007) in Southern A frica found th a t enhanced  access to  
credit, inform ation on clim ate and agronom y as w ell as input and  ou tpu t m arkets can  
significantly  increase farm  level adaptation  to  clim ate change. In G hana, even  though  
farm ers are w ell aw are o f  clim ate change, only  a  few  actively  took  steps tow ards 
adjusting the ir farm ing activates. The m ain  adaptation strategies are changing  crop types, 
planting short season varieties, changing  planting dates and crop d iversification. Land 
ow nership , better access to  credit facilities and low er soil fertility  are the  m ain 
determ inants o f  adaptation (B enedicta  et a l ., 2010). A ccording to  T em esgen et a l . (2008) 
age o f  household  head, w ealth , inform ation on clim ate change, social capital and agro- 
ecological settings had im pact on perception o f  farm ers on clim ate change and education  
o f  the household  head, household  size, ow ning livestock, availab ility  o f  cred it a re  the 
factors affecting  adaptation to  clim ate change in Ethiopia. A  study done by M ustapha 
(2012) in C entral A gricultural Zone o f  B om o State o f  N igeria , found th a t the perceived  
clim ate change w as greatly influenced by their socio-econom ic characteristics. L ack  o f  
current know ledge and inform ation on clim ate, lack o f  credit facilities and  poor ex tension  
services w ere the m ajor constrain ts o f  adaptation.

In rural Sahel the com m unities have high aw areness o f  clim atic  issues, and 
adaptation clim ate appears not to  be an im portant factor. Therefore, it is suggested  tha t 
the policy  m aking  on agricu lture and econom ic developm ent w ill be focus on prov id ing  
flexible options rather than specific so lu tions to  uncertain c lim ate  (O le et a l ., 2008). In 
Bundi d istrict o f  Rajasthan in India, m ajority  o f  farm ers have changed th e ir  agricu ltural 
m anagem ent practices in response to  clim ate conditions. Farm er experience, m ore 
ex tension  advice, high education and  larger farm  size significantly  a ffec t adap tation  
(D haka et a l., 2010), w hereas in T am il N adu, the adaptation  o f  techno log ies w as 
significantly  influenced by the extension services and land tenure  (A shok  and Sasikala, 
2012). T he vulnerability  o f  hom egardens for clim ate change in Sri Lanka, Ind ia  and 
B angladesh indicates the com position o f  hom egardens has not changes substan tia lly  o ver 
past tw o decades (1991-2010) and it show ed resilience to  c lim ate change. The type  o f  
em ploym ent, age, sex, education level o f  household  head, experience  in farm ing , 
hom egarden size, diversity o f  hom egardens, and perceptions tow ards c lim ate  change



influenced the decision o f  hom egardeners to adopt different strategies such as, c h a n g e s  in 
p lanting dates, agronom ic \ ractices, and technology (use o f  new varieties and irr ig a tio n  
equipm ents, use o f  soil and w ater conservation m easures), to cope up w ith  c l im a te  
change (W eerahew a et a l 2012).

C O N C L U SIO N S

C lim ate change is a crucial determ inant o f  agricultural income in fa rm in g  
com m unities in vulnerable areas o f  K urunagala district. Even though the farm ers a re  w e ll 
aw are on clim ate change, the  level o f  adaptation is poor. Lack o f  know ledge o n  r isk -  
averse technologies, unavailability  o f  proper varieties and adequate funding h in d e rs  th e  
adaption. Therefore w ell focused extension program m es to em pow er fa rm e rs  on  
know ledge on changing clim ate and inputs, research for breeding best to lerant v a r ie t ie s  
and education on crop cultivation planning guided by w eather forecasting are e n v isa g e d .
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