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L o n g  te rm  c h a n g e s  in  c lim a te  o f  m a jo r  n a tu r a l  r u b b e r  (N R ) g ro w in g  tr a c ts  o f  In d ia  w e re  
q u a n tif ie d  a n d  th e i r  im p a c t o n  N R  p ro d u c t iv i ty  w as e s t im a te d  u s in g  m u ltip le  lin e a r  re g re ss io n  
m o d e ls . D a y - to -d a y  v a r ia tio n s  in  p ro d u c t iv i ty  in  te rm s  o f  d ry  ru b b e r  y ie ld  p e r  tre e  p e r  ta p  (g / 
t / t)  c o u ld  b e  b e s t  e x p la in e d  b a s e d  o n  th e  v a r ia tio n s  in  d a ily  m a x im u m  te m p e ra tu re  (T m ax) a n d  
d a ily  m in im u m  te m p e ra tu re  (T m in) a n d  v a r ia tio n s  in  o th e r  w e a th e r  v a ria b le s  d id  n o t c o n tr ib u te  
m u c h  to  th e  v a r ia tio n s  in  d a ily  p ro d u c tiv i ty . F o r u n i t  r ise  in  T m ax  a n d  T m in , N R  p ro d u c tiv i ty  
w as a f fe c te d  d if fe re n t ly  in  d if fe re n t  a g ro -c lim a tic  re g io n s . I f  b o th  T m ax  a n d  T m in  ro se  b y  1 ”C, 
N R  p ro d u c t iv i ty  w ill re d u c e  b y  9-16%  in  th e  a g ro c lim a tic  c o n d itio n s  o f K e ra la  a n d  by 11% in  
th e  h o t a n d  d ro u g h t-p ro n e  N o r th  K o n k a n  re g io n . O n  th e  o th e r  h a n d , in  th e  c o ld -p ro n e  N o rth  
E a s te rn  In d ia , th e r e  is h a rd ly  a n y  re d u c t io n  in  N R  p ro d u c t iv i ty  if  b o th  T m ax  a n d  T m in  w e n t u p  
b y  1 ®C. O u r  a n a ly s is  sh o w  th a t  if th e  p re s e n t w a rm in g  tr e n d  c o n tin u e s , N R  p ro d u c t iv i ty  in  
K era la  c o u ld  be  re d u c e d  b y  4-7%  a n d  th a t  in  N o r th  E ast In d ia  c o u ld  g o  u p  b y  as m u c h  as 11% 
in  th e  n e x t d e c a d e . N o r th  K o n k an  reg io n  m ay  a lso  re g is te r  a b o u t 4% re d u c tio n  in  N R  p ro d u c tiv ity  
in  th e  n e x t d e c a d e  if th e  p re s e n t w a rm in g  tr e n d  co n tin u es ; h ow ever, a b so lu te  y ie ld s  w ill co n tin u e  
to  re m a in  h ig h  in  K era la .

INTRODUCTION directly impacts growth and productivity.
Changes in weather pattern can affect the 

It is very likely that greenhouse gases ts and diseases and thus
(GHGs) accumulating in earth's atmosphere effect the crop,
from anthropogenic emissions are warming
the world's climate system (IPCC, 2007a). Natural rubber (NR) is mostly grown in
Climate change as a result of global warming South and South East Asia which is highly
can influence the growth and productivity vulnerable to climate change (IPCC, 2007b).
of agricultural crops (Cynthia and Parry, Studies show that tem peratures have
1994). Clim ate change can affect crop generally gone up in this part of the world
productivity in various direct and indirect in the recent decades (Manton et al., 2001).
ways (Cynthia et al., 2001). For example, an Number of rainy days and number of cool
extreme weather event like drought or storm nights per year showed a declining trend and
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that of hot days per year increased. While 
we may be able to understand and appreciate 
to what extent climate has changed in the 
traditional rubber growing regions of the 
world in the recent past, it is extremely 
difficult to predict how exactly these changes 
will continue in the years ahead and how 
these changes w ill affect grow th and 
productivity of NR. Thus, the impact of 
change in future climate on natural rubber 
growth, productivity and supply will be 
complex and difficult to predict.

W hile w arm ing conditions and 
associated changes in climate may adversely 
affect grow th and  productiv ity  in the 
traditional NR growing tracts of the world, 
it is likely that new regions and countries 
could become suitable for NR cultivation in 
future. For example, regions where low 
temperature is presently a limiting factor for 
cultivating NR, such as parts of North East 
(NE) India could become suitable for NR 
cultivation in a fu ture warm er world. 
Changes in climate may lead to changes in 
incidences of old and new p>ests and diseases 
in ways unknown today.

Between 2001 and 2008, consumption of 
NR in India increased at the rate of 0.035 
million tons/year while its supply increased 
by 0.036 million tons/year (IRSG, 2009). 
Almost all studies show that in the years 
ahead, this kind of near-p>erfect harmony 
between dem and and supply may not 
continue to exist even as consimiption of NR 
is expected to increase at a faster rate than 
its supply, both nationally and globally 
(IRSG, 2009), provided there is sustained 
"economic growth. Since 2006, India ranks 
first in the world in terms of NR productivity 
(IRSG, 2009). Despite the recent global 
economic crisis, India remained reasonably 
buoyant and the Indian economy is expected

to grow at impressive rates in the coming 
years, and dius, the demand for NR also will 
be on the rise. But climate change is one 
im portan t factor tha t may seriously 
jeopardize NR availability in India and other 
major NR producing coimtries in South and 
South East Asia, a region particularly  
vulnerable to the adverse impacts of climate 
change (Manton et at., 2001). The present 
study examines how rising temperature may 
influence NR productivity in the different 
agro-climatic regions of India where NR is 
cultivated.

MATERIALS AND METHODS

Long term daily weather data collected 
from the weather station at the Rubber 
Research Institute of India (RRII) located in 
Kottaym, a typical trad itional rubber 
growing region in Kerala, since 1957 were 
analysed for long term trends. Long term 
daily weather data were collected from the 
Regional Research Stations (RRSs) of RRII at 
Agartala, Tura and Dapchari (non traditional 
regions), and Central Experimental Station 
(CES) of RRII at Chethackal and RRS, 
Padiyoor (traditional region) representing 
the diverse agro-climatic regions in India 
where NR is cultivated (Jacob et a l, 1999) and 
their changing trends were worked out.

The climatic conditions of these regions 
range from extreme dry and hot conditions 
in Dapchari to severe winter conditions in 
NE. Dapchari is situated at 20°04'N, 72°04'E 
with an average elevation of 48 m above MSL 
in the North Konkan region of Maharashtra. 
During the monsoon season, this region gets 
around 2400 mm rainfall. During peak 
summer days, the maximum temperature 
goes above 38 °C and during winter, the 
minimum temperature can be as low as 
15.5 °C (Jacob et a l, 1999).



Agartala and Tura are situated in NE 
India, at 23“ 50'N, 91'' 16'E and 25“ 3(rN, 90" 
13'E, with an altitude of around 30 and 1100 m 
above MSL, respectively. The annual rainfall 
in these regions ranges from 2000-2400 mm. 
During peak winter days, the minimum 
temperature may be as low as 5 “C or less 
and the maximum tem perature during 
sum m er is 31 “C (Jacob et al.. 1999). 
Compared to these two non traditional 
regions, the w eather conditions in the 
traditional NR growing regions of India are 
more moderate. These traditionaj regions are 
situated at a latitudinal range of 8® 15'N to 
12° 5'N and longitudinal range of 74“ 5'E to 
77® SO'E with an altitude of approximately 
20-500 m above MSL and are represented by 
RRII, Kottayam, CES, Chethakka! and RRS, 
Padiyoor. Mean annual rainfall in these 
regions ranges from 2000-4500 nun. The mean 
maximum and minimum tem peratures 
during the summer months are 33 ®C and 
25 °C and for the winter months, 31 “C and 
22 ®C, respectively. India is perhaps the only 
country where NR is cultivated in such 
extremely diverse conditions. In all cases, we 
regressed NR yield with different weather 
parameters to determine tf»e quantitative effect 
of each weather parameter on yield.

Three different approaches were 
adopted in analyzing the data. In the first 
approach, we regressed m ean annual 
productivity in these diverse agro-climatic 
regions together with the prevailing weather 
parameters and made one single multiple 
linear regression model (MLR) for all the 
locations. In the MLR model, we used 
w eather param eters like mean annual 
temperature (Tann), mean annual maximum 
temperature (Tmax), mean annual minimum 
temperature (Tmin), mean annual rainfall 
(RF) and mean number of annual rainy days

(RFday) as independent variables and mean 
yield over the year i.e. g/t/t as the dependent 
variable. Variables from all the different 
experimental locations representing the 
diverse agro-climatic regions were regressed 
together in one single MLR model so as to 
get maximum variability in the independent 
(weather) variables. In the second approach, 
daily per tree yield (g/t/t) for several years 
was regressed with the corresponding daily 
w eather param eters for these years, 
separately for the different agro-climatic 
regions. In a third approach, we regressed 
the per hectare productivity with maximum 
and m inim um  tem peratures for three 
locations from within the traditional areas, 
nam ely Kottayam, K anjirapally and 
Taliparamba and estimated the impact of 
rising temperature on productivity. After 
getting a model for each location, we 
predicted the yield for 1 ”C rise in Tmax and 
Tmin. We also predicted the yield for the next 
10 years by incorporating the current 
warming trends in these regions in the 
models.

RESULTS AND DISCUSSION 

Long term temperature trends

The mean Tmax and Tmin on almost 
every day in an year during 2005-2009 have 
been higher than the same for the period 
1957-1961 at RRII, Kottayam (Fig. 1). Liner 
regression analyses showed that the mean 
annual Tmax and Tmin have been increasing 
at the rate of 0.05 “C per year and 0.03 “C per 
year, respectively since 1957 at RRII, 
Kottayam (Table 1). At the Regional Research 
Station of RRII in Agartala, Tmax and Tmin 
increased at the rate of 0.02 °C per year and 
0.06 °C f>er year, respectively since 1986. In 
every study location there was a warming
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Fig. 1. M ean  daily  Tm ax (a) an d  T m in  (b) in  RRII, 
K ottayam  d u rin g  th e  p eriods 1957-61 and 
2005-09

trend, but the extent of the warming was 
different (Table 1).

Multiple liner regression analysis of 
annual yield data and different weather 
parameters (all locations together)

Mean annual weather data (mean 
temperature, mean Tmax, mean Tmin, mean 
rainfall and mean number of rainy days/ 
year) were used as the independent 
variables (X variables) and mean annual 
productivity of the tree was taken as 
the dependent variable (Y variable) to work 
out a single MLR model in which data from 
all study locations were pooled together in 
order to catch maximum variations in the 
independent variables (approach 1). In the 
last step of MLR, only three independent 
variables were left in the model, namely, 
mean annual Tmax, mean annual Tmin and 
mean annual RF (Y = 96.94 - 7.05 Tmax + 
7.45 Tmin+0.008 RF, R̂ =0.71) (Table 2). This

Table 1. C lim ate  w a n n in g  tren d s  b ased  on  lin e r leg ression  analy sis in  d if fe te n t locations o f th e  study

Station Period A nnual m ean tem perature (°Q W anning rate  (*’c /yea r)

Tura 1995-2008 Tmax 29.3 03 0 0.12

(NE) Tm in 16.9 0.30 0.05

A gartala 1984-2007 Tmax 30.6 0.07 0.02

(NE) Tmin 19.9 0.30 0.06

Padiyoor 1998-2009 Tmax 32.8 0.05 0.01

(Traditional) Tmin 21.8 0.60 0.11

D apchah 1987-2009 Tmax 33.2 0.40 0.08

<{Non-traditional) Tmin 20.6 0.16 0.03

Kottayam 1957-2009 Tmax 3 1 ^ 0.66 0.05

(Traditional) Tmin 22.7 0.30 0.03

Chethad^al 1987-2009 Tmax 32.5 0.10 0.02

(Traditional) Tmin 21.8 0.21 -0.03



Table 2. MLR (backw ard) m odels o b ta ined  betw een  th e  an n u a l y ie ld  an d  d iffe ren t w eather param eters 
fo r a ll s ta tions toge ther (approach 1).

Model
U nstandardized

coefficient
Standardized
coefficients t P

B Std. Error Beta

1 (C onstant) -26.4 152.224 -0.173 0.871

Tann 2.787 2.628 0.284 1.061 0.349

Tmax -4.922 6.459 -0.607 -0.762 0.488

Tmin 6.203 5.56 1.145 1.116 0.327

RF 5.68E-03 0.009 0.449 0.625 0.566

RFday 8.94E-02 0.305 0.21 0.293 0.784

2 (Constant) -0.195 111.345 -0.002 0.999

Tann 2.642 2.333 0.269 1.132 0.309

Tmax -6.419 3.572 -0.791 -1.797 0.132

Tmin 7.647 2.327 1.412 3.286 0.022

RF 8.13E-03 0.003 0.643 2.58 0.049

3 (Constant) %.938 72.647 1.334 0.23

Tmax -7.053 3.61 -0.869 -1.954 0.099

Tmin 7.452 2.375 1.376 3.138 0.02

RF 8.11E-03 0.003 0.641 2.515 0.046

model (in which the independent variables 
from various agro-climatic regions were 
pooled and incorporated in one single MLR 
model) had a fundamental flaw; in the 
different regions, the different independent 
variables had  qualita tively  and 
quantitatively different impacts on yield 
(see approach 2 below). For example, in the 
NE where very low winter temperatures 
prevail, an increase in Tmax had a positive 
effect on yield unlike in other places where 
the effect was the opposite. This became 
evident when MLR analysis was made 
separately for the different regions (see 
approach 2 below). Therefore, approach 1 
was rejected.

Multiple linear regression analysis of daily 
yield  data and daily weather data 
separately for different locations

Upon realizing that the w eather 
parameters had different impacts on yield 
in the different study locations, MLR analysis 
was done for each study location separately 
(approach 2). For obtaining variations in 
yield (Y) and weather (X), daily data were 
collected round the year for several years. 
The MLR models obtained for the individual 
regions had or\ly two independent variables 
in the last step, namely daily Tm«ix and daily 
Tmin. The MLR models for the different 
study locations were: Y = 433.43 - 7.87 
Tmax - 4.83Tmin (CES, 9“ 26'N to 76° 48'N),



Y = 171.01 - 2.54Tmax - 1.71Tmin (Padiyoor, 
11“ 58'N to 75® 36'N>, Y = 204.98 - l.OlTmax - 
5.51Tmin (Dapchari, 20“04'N, 72«04T),
Y = 41.25 + 0.67Tmax - 1.13Tmin (Agarthala, 
23°5(yN,91®16'E)andY= -24.85+ 3.58 Tmax 
- 2.59Tmin (Tura, 25° 3<rN, 90“ 13'E). From 
these five models, the change in yield when 
both Tmax and Tmin concom itantly 
increased by 1 'C was calculated (Table 3). 
Reduction in yield in CES  ̂Chethackal was 
to the tune of 16% for 1 “C rise in Tmax and 
Tmin. In Dapchari, the yield reduction for 
1 0  rise in Tmax and Tmin was 11% followed 
by 9% in Padiyoor. But in the other two 
regions, namely Agartala and Tura in NE 
India where winter temperatures are very 
low, the impact of warming was found to be 
negligible. In Agartala, the yield reduction 
was about 1% and in the case of Tura there 
was an increase in the yield by 3% for 1 °C 
rise in Tmax and Tmin. Thus, small rise in 
temperature in this region may not have 
m uch adverse im pact on rubber yield.

Sometimes this may increase the yield just 
like what happened in  the Tura region. 
Warming of the region may help to expand 
NR cultivation to more parts of NE where 
low temperature is a limiting factor today.

During the last 52 years (1957-2009) 
Tmax and Tmin in RRII have increased at 
the ra te  of 0.05 ° C / y t  and 0.03 °C/yr, 
respectively at RRII, Kottayam (Table 1). 
Extrapolating this data, the rise in Tmax and 
Tmin in the next 10 years was calculated and 
the same was used to estimate the expected 
reduction in productivity after 10 years at 
the nearby CES, Chethackal using the MLR 
model developed for CES (Table 3). The 
yield reduction after 10 years will be about 
7% in CES. In Padiyoor, the rate of increase 
in Tmax and Tmin during the period 1998-2009 
were 0.01 “C/yr and 0.11 “C/yr, respectively 
(Table 1) and this may result in the reduction 
of yield by 4% after 10 years based on the 
MLR model for Padiyoor (Table 3). In the

T able 3. MLR (backward) models, percentage change in NR productivity (on a per tree per day basis) 
for 1 C rise in Tmax and Tmin and predicted yield depression in the next 10 years with Oie 
current wanning trends in the different study locations (approach 2)

Station
MLR % C hange 

(for 1 ®C rise)
% C hange Estim ated present

Coeff. Intercept 10 years) from  MLR (g/t/t)

Tura 2003-08 

(NE)

Tmax

Tmin

3.58

-2.60

-24.85 0.23 3 11 35.8

A gartala 2003-08 

(NE)

Tmax

Tmin

0.67

-1.13

41.25 0.07 -1 -1 37.9

C hethackal 2003-08 

(Traditional)

Tmax

Tmin

-7.87

^ .8 3

433.43 0.29 -16 -7 73.0

Padiyoor 2007-08 

(Traditional)

Tmax

Tmin

-2.54

-1.71

171.01 0.19 -9 •4 48.6

D apchari 2007-08 

(N on-Tiaditional)

Tmax

Tm in

-1.01

-5.51

204.98 0.50 -11 -4 57.7



Table 4. MLR (backw ard) m odels, percen tage change in  the  h itu re  productiv ity  of ru b b e r (on a p e r ha 
p e r  m o n th  basis) fo r 1 C rise in  Tm ax an d  T m in  and  estim ated  p resen t p roductiv ity  (kg/ha/yr) 
from  th e  MLR m odels fo r th ree  locations in  K erala

Region
MLR % Change 

(for 1°C rise)
Estimated present 
p roductivity  from 

MLR m odel (kg/ha/yr)Coeff. Intercept R*

K ottayam 2008-09 Tmax -6.14 999.53 0.24 ■19 1965

(close to RRII) Tmin -27.68

Taliparam ba 2008-09 Tmax 6.14 -7.30 0.12 •4 1950

(close to  Padiyoor) Tmin -1.37

K anjirapally 2008-09 Tmax -11.33 798.36 0.25 -15 1902

(close to  CES) Tmin -12.68

case of Dapchari, during the period 1987- 
2009 the rate of increase in Tmax was much 
h igher (0.08 ®C/yr) bu t the m inim um  
temperature increased by only 0.03 “C/yr 
(Table 1). The reduction in the yield in this 
region will be 4% for the next decade. In 
Agartala, the reduction in yield in the next 
ten years will be very small going by the 
presCTit wanning trend (1%) which is 0.02 Xl/yr 
for Tmax and Tmin 0.06 “C/yr for Tmin 
(during the period 1984-2007). For the 
period 1995-2008 Tmax in Tura increased by 
0.12 ‘’C/yr (Table 1). But the minimum 
temperature increased by 0.05 °C/yr in this 
region (Table 1). The cumulative effect of the 
expected changes in Tmax and Tmin in this 
region could lead to an increase in the yield 
by 11% in the next ten years (Table 3).

Multiple linear regression analysis of per 
hectare productivity and temperature

The MLR model obtamed for per hectare 
productivity (Icg/ha/month) was Y = 999.53 - 
6.14Tmax - 27.68Tmin for Kottayam (close to 
RRII), Y * 789.36 - n.33Tmax - 12.68Tmin for 
Kanjirapally (close to CES) and Y = 281.91 +

4.13Tmax - 11.26Tmin for Taliparamba (close 
to Padiyoor). These MLR models were made 
using monthly mean values of the Y and X 
vaiables for the whole year for several years. 
While mean yields were obtained from 
growers' fields in these three regions, the 
weather data were obtained from nearby RRH, 
Kottayam (for the Kottayam region), RRS, 
Padiyoor (for the Taliparamba region) and CES, 
Chethakkal (for the Kanjirappally region). The 
percentage reductions in productivity (for 1 “C 
rise in both maximum and minimum 
temperatures) were 19%, 15% and 4% for 
Kottayam, Kanjirapally and Taliparamba, 
respectively. These results were comparable to 
the results obtained from the respective regions 
when per tree per day yield was used as the 
dependent variable (Tables 3&4).

Our analyses clearly indicate that climate 
has warmed in the traditional and non 
traditional rubber growing tracts of India and 
that this will have qualitatively and 
quantitatively different impacts on NR 
productivity in the different regions. Kerala 
and the Konkan regions are going to be 
relatively more affected by the adverse effect



of climate wanning than NE India (Table 3) 
where warming conditions may increase 
productivity even as the prevailing cold 
conditions are a limiting factor at present 
(Jacob et al., 1999). Rise in temperature, 
especially in Tmax would have a positive 
impact on NR cultivation in NE India, unlike 
in other places. For these reasons, approach 1 
was rejected. Extrapolating the present 
warming trends, the MLR models clearly 
indicate tha t NR productiv ity  will be 
relatively more affected in Kerala than any 
other NR growing regions in the next one 
decade, although the absolute productivity 
may still remain high here. However, NR 
productivity may see an improvement in NE 
in the coming decade as the region continues 
to get warmer.

In this context, it is pertinent to ask the 
question if the past warming has had in fact

adversely affected NR productivity. Going 
by the MLR models, such an impact must 
have happened already. But it may be 
noted that statistical data clearly indicate 
that NR productivity in the country has 
gone up in the past decades (Rubber Board, 
2009). This has been due to increased 
ad o p tio n  of h igh  y ie ld in g  clones, 
particularly RRII 105, the flagship clone 
released by RRII during 1980. RRII 105 has 
been one of the highest yielding clones 
anywhere in the world. As a large share of 
the mature plantations came under RRII 
105, NR productivity (based on statistical 
data from growers' fields) also increased 
over the years, masking the actual impact 
of climate warming on productivity.

However, if large scale adoption of 
RRII 105 had not happened and the area 
under this high yielding clone had not

v i i : m )
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Fig. 2. Flow chart show ing the direct and  indirect effects of clim ate w arm ing on g row th  and  yield of rubber



increased/ there was every possibility that 
NR productivity would have gone down 
over the years as a resu lt of clim ate 
warming. The MLR models clearly suggest 
that the potential NR productivity must 
have come down in the recent decades; 
thanks to climate warming. During the late 
1970s and early  )980s, the m ean 
productivity of RRII 105 under the best 
m anagem ent practices of our research 
farms in the traditional regions have been 
in the range of 60-65 g/t/t, but of late, this 
is mostly in the range of 50-55 g/t/t or even 
less (RRII, 1988 & 2010). Since the genetics 
(clone) was the same and the management 
practices were constant (as can be expected 
as the trials were in our own experimental 
farms where management practices did not 
under go any substantial change over the 
years), the most persuasive reason for this 
reduction in productivity seems to be the 
appreciable temperature wanning that has 
happened during this period. There might 
have been other factors too, such as likely 
deterioration in soil productivity or other 
unknown factors, but the high rate of rise 
in both Tmax and Tmin in the traditional 
regions strongly indicates the significant 
role climate warming must have played in 
reducing productivity in the past.

This could have been true for other 
crops too -  had it not been for the genetic 
and agronomic improvements, productivity 
might have been adversely affected, or at 
least the potential productivity of a new 
variety might not have been fully realized in 
the field as temperature rose. This points to 
the need to evolve cultivars and clones that 
are climate (temperature) resilient.

The present analysis has been the first 
attempt of its type to assess the direct impact 
of climate warming on NR productivity. Our 
results clearly indicate how Tmax and Tmin 
have been increasing in the past, how it has 
adversely affected productivity in the past 
and what rising temperatures might do to 
NR productivity in future in the different 
agro'climatic regions of India where this 
crop is cultivated today. Climate change is 
obviously much more complex than daily 
variations in weather parameters such as 
daily Tmax or Tmin (See Fig. 2). Changes in 
cloud formation, wind, rainfall pattern, 
occurrence of extreme weather events like 
storms, floods, long dry spells, unexpected 
breaks in monsoon, spread of new and old 
pests and diseases etc. are important factors 
that can seriously influence NR cropping 
calendar in unknown ways which are the 
subject of our current research.

REFERENCES

Cynthia, R. and Parry, M.L. (1994). Potential 
im pact of clim ate change on w orld food 
supply. Nature, 367:133-138.

Cynthia, R., Iglesias, A., Yang, X.B., Epstein, P.R. 
and Chivian, E. (2001). Climate change and 
extreme weather events: Implications for food 
production, plant and pests. Global Change & 
Human Health, 2(2): 90-104.

IRSG, (2009) Rubber Statistical Bulletin, April-fune 
2009 International Rubber Study Group, 111

North Bridge Road #23-06 Peninsula Plaza, 
Singapore 179098. 63:10-12.

IPCC. (2007a). Fourth Assessment Report (AR4), 
Climate Change 2007: The Physical Science Basis. 
C ontribution of W orking G roup I to the 
F o u rth  A ssessm ent R eport of the 
Intergovernmental Panel on Climate Change. 
(Eds. Solomon, S., D. Qin, M. Manning, Z. 
Chen, M. Marquis, K.B. Averyt, M. Tignor and 
H.L. Miller). Cambridge University Press,



Cambridge, United Kingdom and New York, 
NY, USA.

IPCC. (2007b). Fourth Assessment Report (AR4), 
Climate Change 2007: Impacts Adaptation and 
Vulnerability. Contribution of Working Group 
II to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change. 
(Eds. M.L. Parry, O.F. Canziani, J.P. Palutikof, 
P.J. van  d e r L inden  and  C.E. H anson). 
Cam bridge University Press, Cam bridge, 
United Kingdom and New York, NY, USA.

Jacob, J., Annamalainathan, K., Alam, B., Sathik, 
M.B.M., Thapliyal, A.P. and Devakumar, A.S. 
(1999). P hysio log ica l co n stra in ts  for 
cultivation of Hevea brasiliensis in  certain 
unfavourable agroclimatic regions of India. 
Indian journal of Natural Rubber Research, 
12(1&2): M 6.

Manton, M.J., Della-marta, P.M., Haylock, M.R.,

Hennessy, K.J., Nicholls, N., Chambers, L.E., 
Collins, D.A., Daw, G., Finet, A., Gunawan,
D., Inape, K., Isobe, H., Kestin, T.S., Lefale, P., 
Leyu, C .H ., Lw in, T., M aitrep ie rre , L., 
Ouprasitwong, N., Page, C.M., Pahalad, 
Plummer, N., Salinger, M.J., Suppiah, R., Tran, 
V.L., Trewnn, B., Tibig, I. and Yee, D. (2001). 
T rends in ex trem e daily  ra in fa ll and  
temperature in Southeast Asia and the South 
Pacific: 1961-1998. International Journal of 
Climatology, 21:269-284.

RRII. (1988). Annual Report 1986-87. Rubber 
Research Institute of Indizi, The Rubber Board, 
Kerala, 23p.

RRII. (2010). Annual Report 2008-09. Rubber 
Research Institute of India, The Rubber Board, 
Kerala, 28-32.

Rubber Board. (2009). Indian Rubber Staiishcs. The 
Rubber Board, Kerala, 32: 7-8.




