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ABSTRACT

The impontance of a study of climate variability in tea-growing areas is
enormous as climate variability profoundly influences the yield, quality and
management aspects of tea. Information on climate change and variability, especially
on a regional basis, is important for planning, decision and policy-making in crop
production activities. Temperature (minimum, maximum, and diurnal), and data on
the sunshine hours, from four different locations were analysed on an annual
basis, in order to identify their temporal and spatial variability.

Significant changes were found with respect to maximum and minimum
temperatures and sunshine hours. Moreover, these changes were found to be
different among locations. Maximum and minimum temperatures showed a
significant warming trend at Talawakelle and Badulla. Diumal temperatures shows
a significant increasing trend only at Badulla. At Talawakelle. Hantana and
Ratnapura, decreasing trends were observed with respect to sunshine hours.

For most of the ¢climatic variables considered, the change was with respect
to the mean, but not with respect to the variance.

It is important to note that the change in the above-mentioned climatic
parameters was not consistent across locations, so that detailed analysis needs to
be carried out at regional level.
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INTRODUCTION

Climate vanability and occurrence of extreme weather and climatic events have
received increased attention during the last few years (Meehl ef al., 2000). There is
sufficient evidence for climate change, based on global analyses and more detailed regional
analyses (Parker ef al., 1994).




As shown by many studies (Jones and Briffa, 1992; Hansen and Lebedeff, 1987,
Jones 1994; Parker et al., 1994), the trends of climate change vary regionally and with
location. Studying these trends in the Sri Lankan context is very important because Sri
Lanka is an agricultural country, with about 35% of the population engaged in Agriculture
{Central Bank Report, 2003).

According to the literature (see Recent Climatic Changes in Sri Lanka, 2000), an
increasing trend in the annual maximum temperature of 0.029°C per year in Sri Lanka
was observed during 1961-1990. The same study reported that the annual minimum
temperature also showed an increasing trend of 0.008°C per year. In addition, in the
same study, large spatial and temporal variations in temperature trends have been reported
as occurring in Sri Lanka,

Therefore, a study of climate variability at the regional level is important, as agricultural
crops are highly vulnerable to local climate change.

Some studies (Basnayake ef al., 2003; Fernando and Chandrapala, 1995), conducted

on this aspect, have shown significant trends in major climatic parameters like temperature
and rainfall.

Tea (Camellia sinensis L. (0.) Kuntze) is one of the most economically-important
perennial crops in Sti Lanka, contributing about 1.3% of the GDP (Central Bank Report,
2003). As tea is a frequently-harvested crop, climate vaniability profoundly influences
the quantity and quality of the tea vield.

Temperature, sunshine hours and rainfall are the main parameters that influence
the yield of tea (Devanathan, 1992). Temperature largely controls the rate of development
and duration of expansion of leaves, shoots and roots, when other factors are not limiting
(Carr and Stephens, 1992). The number of hours of sunshine is also directly correlated
with the yield of tea (Devanathan, 1975). Sunshine hours per day are more important
than solar radiation intensity for the potential tea yield, as tea is a C, crop (Carr and
Stephens, 1992). In fact not only for tea, but pragmatic planning for any crop needs a
thorough understanding of the climate, and in particular climate variability.

Information on climate variability is useful in allowing decision-makers and resource
managers to better anticipate, and plan for, potential impacts of climate variability. Further
advances would serve the industry by providing improved knowledge, enabling more
scientificallv-based decisions across a broad spectrum of the climate-sensitive tea sector.

Thus, the needs exists to focus on long-term changes in climatic parameters in tea-
growing areas, on a regional basis.

The objective of this paper is therefore to investigate the patterns of change of air-
temperature {(maximum, minimum and diurnal), and bright sunshine hours (BSH), in major
tea-growing areas. '
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METHODOLOGY

Four locations, representing all the major tea-growing climate and elevation groups,
were considered for the study. A station index of the selected locations is presented in
Table 1. '

Tablel. Station index of the selected locations

Location Climatic zone Altitnde |Longitude| Latitude |Period of data
(m) collected

Talawakelle | Up-country wet zone 1382 80°40'E | 6°55'N 1976-2005
Ratnapura | Low-country wet zone yot) 80°40'E | 6°41'N | 1976-2005
Badulla Up-country intermediate

zone (Uva) 1120 8I1°07'E [ 6°57'N 1976-2005
Hantana Mid-country intermediate

zone 762 80°38'E [ 7°26'N | 1976-2005

Daily air temperatures (minimum, maximum and diurnal), and daily bright sunshine
hours recorded by the Campbell Stocks Sunshine recorder at the Talawakelle and Hantana
locations, were obtained from the agro-meteorological stations maintained by the Tea
Research Institute under the supervision of the Department of Meteorology. Data for
the other two locations (Badulla and Ratnapura) were obtained from the Department of
Meteorology. Data obtained were screened for outliers, and missing values were estimated
using a linear interpolation method (Schatzman, 2002).

In order to facilitate the study of vanability through the series, each series was
divided into five-year periods, and based on these sub-periods different aspects of climate
variability were studied.

Homogeneity of variance

Bartlett’s test was used to determine the homogeneity of variances. The Bartlett
test statistic, which is usually considered as a generalization of the F- test statistic, 1s
specifically designed to test the equality of vanances across groups.

Most pronounced period and commencement of change

The non-parametric procedure, the Mann-Kendall (M-K) rank correlation test, was
used to determine the interval in which the trend was most pronounced and the critical

point of the commencement of climate change for the significant period.
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In this procedure, for each element x, the number of », elements x, preceding it
(i > J) so that rank (x) > rank (xj) is calculated. The test statistic calculated here is
t = 3, The distribution of ¢ is assumed to be asymptotically Gaussian with:

E(rn)=p= n_(:‘.z__l)and var(t) = &® = n(n— 1;é2"+5).

Two-sided H  is rejected for high values of |u (£)|: where
u(t) = [t - Bt))/ v var(t),

When u(?) is significant (P<0.03) for a particular period, that significant period can
be considered as the period with significant change. The sign of the (/) indicates increasing
or decreasing change. The backward computation of u(f) series is called v(r). The
intersection of these two series determines the starting point of change for a particular
series.

Simple linear regression analysis

The simple linear regression analysis was done to determine any significant
relationship in temperature (maximum, minimum and diurnal), and bright sunshine hours,
with time. Regression coefficients were used to determine the positive or negative trends.
This was also used to confirm the results from the Mann-Kendall (M-K) rank correlation
test.

RESULTS AND DISCUSSION

Annual maximum temperature (AMaxT)

The mean values of maximum temperatures for the five-year periods in the four
locations, and the percentage drop/increase in each period relative to the previous penod,
are presented in Table 2.

ANOVA revealed that there were significant differences (P<0.01) among the six
sub-periods only at Badulla and Talawakelle. The maximum temperatures at both locations
show increases of temperature between contiguous sub-periods. However, at Ratnapura
and Hantana increases, as well as drops in maximum temperature, were observed relative
to the previous periods. At Badulla, significant increases in maximum temperature occurred
in between the last four sub-periods (1986-2005) and the first two sub-periods (1976-
1985). At Talawakelle, significant increases occurred in-between the 1976-1995 and the
1996-2005 periods.

According to Table 2, trends in AMaxT are subjected to large spatial variation.
Regression analysis of the Badulla and Talawakelle data indicate significant warming
trends (p<0.01). However, such warming trends could not be detected at Ratnapura and
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Hantana. At Ratnapura the indication was of significant decreasing trends at the 10%
significance level.

The results of the Bartlett’s test showed homogeneity of variance between the
periods at Talawakelle, Badulla and Hantana. However, the variances were not
homogenous during the sub-periods at Ratnapura, at the 10% significance level. In other
words, some sudden extreme events would have occurred at Ratnapura during the study
period. However, there was no clear direction of continuous increment or decrement of
variance. This cannot, therefore, be considered as a long-term change in vantance. Overall,
this non-significance of change in variance proves that there was no such significant

increment or decrement in occurrence of extreme events, during the study period
(1976-2005).

Based on the results, the conclusion is that the mean annual maximum temperature
change in the tea-growing areas is due to the change in mean, but not in variance.

Table 2. Mean annual maximum temperature (MAMaxT) during five-year
periods, percentage drop/increase (%D/I) with respect to the previous
five-year period, and coefficient of variation.

Period Talawakelle Ratnapura Badulla Hantana

Mean | %D/ | CV®% | Mean | %D/ | CV% | Mean | %D/ [ CV% | Mean | %D/ | CV%

76-80 23.54 - | 1.30 ] 3230 —| 044 [ 28.88 —| 116 | 2675 -| 0.79
81-85 23561 008 | 3133182} -149] 210 [2890| 007 164 |2796| 432 | 3580
86-90 2368) 0511 201 13206] 075] 15512944 187 | 106 ]27661-107] 28l
91-95 2398 127 ] 080 13176) 094 0.72 | 2952| 027} 088 |27.72] 022 | 280
96-00 24381 1671 236 1318) 0.13] 16812988 1221 204 |2790] 065 ] 236
01-05 2476] 156 | 116 3190 031 086 ]2996] 027 069 |2742]-1.72| 340

Results for the ANOVA F Test(Pr<F) ,the Bartlett’s Test (BT) of homogeneity of variance, cstimat«ﬁ
trend coefficients (b) in regression analysis and their significance levels

Pr<F

(ANOVA) 0.0015 03726 0.0004 0.7363
BT 0.1455 0.0634 03334 03780
b (Pr<F) 0.05(<0.01) -0.02(0.08) 0.05(<0.01) -0.004(0.86)

To confirm these results, the M-K rank correlation test was applied to the temporal
series of mean annual maximum temperature. Plots of U(t) and V{t) for maximum
temperature are shown in Fig. 1.
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Figure 1: Temporal series of U(t) and V(t) obtained from the M-K rank
correlation test for Max T? in selected locations.
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The U(t) series of maximum temperatures at Talawakelle and Badulla exceeded
the critical range (x 1.96) from year 1997 and 1990, respectively, indicating the starting
points of significant changes. This confirms the ANOVA test results for maximum
temperatures.

Both locations exceeded the upper boundaries of the critical range, confirming the
warming trends from regression analysis. At Ratnapura, the lower boundary of the
critical range was exceeded for several years. These results indicate an increase of
maximum temperatures at Talawakelle and Badulla. The U(t) series of maximum
temperatures at Hantana was within the critical range for the period considered. This
confirms the results obtained from regression analysis.

Annual minimum temperature (AMinT)

ANOVA revealed that there were significant (P<0.01) differences in AMinTbetween
periods only at Talawakelle (Table 3). AMinT at Badulla was significant at the 10%
significance level (P=0.08). However, unlike with maximum temperatures, at all locations,
increases as well as drops of minimum temperatures were observed relative to the previous
periods. The percentage increase, or drop, is higher with minimum temperatures than
with maximum temperatures.
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Regression analysis indicates a significant (P<0.01) positive trend only at Talawakelle
and Badulla. The rate of increase of minimum temperatures is almost double in Talawakelle
than in Badulla. However, the rate of increase in maximum temperature 1s the same in
both locations.

Bartlett’s test confirmed that there was heterogeneity in vanance between periods
at Hantana. At Hantana this was due to the high CV during 1981-1985. After 1990, the
CV remained continuously at a low level. At Talawakelle, Bartlett’s test was significant
at the 10% significance level (P=0.06). This may be due to a comparatively higher CV in
the 1986-90 and the 1991-95 periods. This can be used to get some insight about the
occurrence of extreme events in Hantana and Talawakelle during particular periods.

Based on the results, it can be concluded that the change with respect to minimum
temperature is due to both mean and variance in Talawakelle. However, this is only due
to change in the mean at Badulla, and due to variance at Hantana. This clearly indicates
the spatial variation of the climatic parameters with respect to local climate change.

Table 3. Mean AMinT during five-year periods, percentage drop/increase
(%D/T) with respect to the previous five-year period, and coefficient
of variation,

Period Talawakelle Ratnapura Badulla Hantana

Mean | %D/ | CV% | Mean | %D/I| CV% | Mean | %D/ | CV% | Mean | %D/1 | CV%

76-80 13.20 —| 142] 2300 -1 106 | 1860 -] 186 | 19.15 - 111
81-85 12721 -3.64] 1.17|2324] 104] 065 | 1848|065} 071 | 1954 | 413 | 1235
86-90 1330 456| 255|2340| 069( 08511872 130} 1.58 |19.14| 401 | 736
91-55 1326 0.30] 394 | 2306 -145| 133 | 1866(-032 | 1.35[1944| 157 | 235
96-00 1362 271| 096 2288 | -0.78| 149 | 1896 | 161 | 223 [ 1990 237 | 0.79
01-05 1398 2.64| 1552314 144 0391898 0.11 | 126 {2034 221} 222

Results for the ANOVA F Test(Pr<F) .the Bartlett’s Test (BT) of homogencity of variance, trend
cocfficients(b) in regression analysis and their significance levels

Pr<F

{ANOVA) <0.0001 0.2350 0.0771 0.6834
BT 0.0557 0.2541 0.4297 <0001
b (Pr<F) 0.04(<0.01) -0.004(0.55) 0.02(0.002) 0.03(0.28)
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Time-senes plots with U(t) and V(t) for mmimum temperature, obtained from
M-K rank correlation tests, are shown in Fig. 2.

At Talawakelle, Badulla and Hantana, the series exceeded the critical range after
1997, 2004 and 2000, respectively. At all three locations, the excess was from the upper
boundary, indicating an increase in minimum temperature. However, at Ratnapura, the
excess was for a few years from the lower boundary, indicating a drop in the minimum
temperature during this period.

Figure 2. Temporal series of U(t) and V(t) obtained from the M-K rank
correlation test for minimum temperatures at selected stations.
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Annual diurnal temperature (MATDif)

The results from the ANOVA reveal that there were significant changes of
diurnal temperature between periods at Badulla, at the 10% significance level
(P=0.063) (Table 4).

According to the regression analysis, the diurnal temperatures showed an increasing
trend over time at Badulla only (P<0.01).

Bartlett’s test confirmed the homogeneity of variance at all four locations.
Table 4. Mean annual temperature difference (MATDif) during five-year

periods, percentage drop/increase (YoD/I) with respect to the previous
five-year period, and coefficient of variance.

Period Talawakelle Ratnapura Badulla Hantana

Mean | %DA| CV% | Mean | %D/ | CV% | Mean | %D/ | CV% | Mean | %D/ | CV%

76-80 10.40 -] 304} 930 -] 313} 1034 -1 457 ] 760 - -
81-85 1080 385| 82| 860|-7.53] 642 |1044| 097 | 336 | 806| 6.05 [ 1329
86-90 1040 370 466 | 8681 093 | 4111074 287 320 | 836 620 |23.59
91-95 1070 | 288} 433 | 872 046| 205 |1086| 1.12 ] 405 | 828|-327|14.33
96-00 1076 [ 036 511 | 892] 2.29| 6.00]1090] 037 | 349 | 8.00|-3.38] 667
01-05 1082] 056] 329 | 874| -202f 330 (1098| 073 | 1757 7.08p11.50 [ 1935

Results for the ANOVA F test(Pr<F) ,the Bartlett’s test (BT) of homogenceity of variance, trend
coefficients (b) in regression analysis and their significance levels

Pr<F .
(ANOVA) 0.6701 0.0979 0.0629 0.5779
BT 0.3928 0.30%0 07116 ‘ 0.2237
b (Pr<F) 0.005(0.44) -0.01(0.14) 0.03(0.002) -0.04(0.22)

The time-series plots with U(t) and V(t) for temperature differences are shown in
Fig. 3. The temperature difference at Badulla exceeded the upper boundary of the
cntical range after 1991. At Ratnapura, the lower boundary of the critical range was
exceeded for several years. At Talawakelle and Hantana, it was within the critical range
indicating no trend.
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Figure. 3. Temporal series of U(t) and V(t) obtained from the M-K rank
correlation test for temperature differences at selected stations.
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Annual bright sunshine hours (ABSH)

The results, shown in Table 3, indicate that there were significant differences (P<0.01)
among the six sub-periods with respect to ABSH, at all locations except Hantana. The
percentage drop/increase in ABSH is the highest compared to the other three variables.
At Badulla and Hantana, this significance is due to the lhughest mean values of 5.24 and
6.95 hours per day, during the 1986-1990 and 1981-1985 periods, respectively. The ABSH
shows a drop between contiguous sub-periods from1976 to 2005 at Talawakelle, Hantana
and Ratnapura, except for the 2001-2005 sub-period at Ratnapura.

Bartlett’s test confirmed the homogeneity of variance of sunshine hours at
Talawakelle, Ratnapura and Passara. However, variances were not homogeneous at
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Hantana owing to the high CV during 1981-1985. With respect to the BSH also, long-
term changes in variance can be considered since the CV showed low values continuously
after this period.

Regression analysis of BSH at Talawakelle, Ratnapura and Hantana indicates a

decreasing trend (P<0.05). At Passara, it shows no trend (P=0.64).

Table 5. Mean annual bright sunshine hours (MABSH) during five-year
periods, percentage drop/increase (%D/I) with respect to the previous
five-year period, and coefficient of variance.

Period Talawakelle Ratnapura Badulla Hantana
Mean | %D/ | CV% | Mean | %D/ | CV% | Mean | %D/T | CV% | Mean | %D/ | CV%
76.80 - - - - - - - - - - - -
81-85 6.10 -] 963 | 578 ~-| 9.89 | 4.60 -] 936 | 696 - | 2336
86-90 574] -590| 755 570 -1.38) 713 | 5241391 | 597 | 59011523 | 623
91.95 526| -836| 693 | 4.86(-14.74[1231 | 476]|-9.16 | 568 ) 582|-136| 255
96-00 522| 076| 872 | 4356(-1029|1046 | 476| 000 | 282 | 580|-034 | 345
01-05 510) -230| 537} 450| 1239| 289 | 484] 168} 403 ) 580( 000 | 488

Results for the ANOVA F test (Pr<F) ,the Bartlett’s test (BT) of homogeneity of vanance, trend
coefTicients (b} in regression analysis and their significance levels

Pr<F

{ANOVA) 0.0078 0.0004 0.0269 0.1057
BT 0.6997 01718 02954 <0001
b (Pr<F) -0.05(<0.01) -0.07(<0.01) -0.005(0.64) -0.05(0.02)

Time series plots with U(t) and V(t) for BSH at four selected locations are shown

inFig. 4.




Figure 4. Temporal series of U(t) and V(t) obtained from the M-K rank correlation test
for BSH at selected locations.
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The U(t) series of BSH at Ratnapura and Talawakelle exceeded the lower limit of
the critical range after 1993 and 1990, respectively, indicating a significant drop of BSH.
At Badulla, it was almost within the critical range. At Hantana, it was along the lower
boundary of the critical range starting from 1988.

Here also we can conclude that the change is due to the mean and not to the
vaniance, except Hantana.
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CONCLUSIONS

In the tea-growing areas of Sri Lanka, there was a significant climate change with
respect to maximum, minimum and diurnal temperature, and bright sunshine hours. The
periods in which significant changers commenced varied among the climate variables.

There was a significant warming trend of Max T°and Min T° at Talawakelle and
Badulla. Only Badulla showed a significant warming trend of the day temperatures.
Sunshine hours at Talawakelle, Ratnapura and Hantana showed a significant decreasing
trend.

For most of the vaniables concerned, the change was with respect to the mean and
not due to the variance.

Especially with respect to the parameters considered, climatic conditions varied,
and thus adaptation options need to be suggested to mitigate the potential negative impacts
owing to the above-mentioned changes.

The results have provided adequate evidence of changes of the climate parameters,
namely maximum temperature, minimum temperature, diurnal temperature and bright
sunshine hours. However, it is important to note that the changes in the above-mentioned
climatic parameters was not consistent across locations. This indicates that detailed analysis
need to be carried out at regional level. Most of the cultivation practices currently
adapted appear to be based on the assumption that there is no such phenomenon as
‘climate change’. However, the available evidence on climate change needs to be taken
into consideration and agricultural practices re-scheduled accordingly.
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