IWMI
RESEARCH
REPORT

Impacts of Climate Change
1 3 5 on Water Resources and

Agriculture in Sri Lanka:
A Review and Preliminary
Vulnerability Mapping

Nishadi Eriyagama, Vladimir Smakhtin, Lalith Chandrapala and
Karin Fernando

1/—
D) W E
N
N S / g:
R
\ i3 Q]

N\

~=
@

=
- s
Q -
m

=

m

=

T —

)

({(
-l
AN

S Wil

o

=
P /
m = \



Research Reports

The publications in this series cover a wide range of subjects—from computer
modeling to experience with water user associations—and vary in content from
directly applicable research to more basic studies, on which applied work ultimately
depends. Some research reports are narrowly focused, analytical and detailed
empirical studies; others are wide-ranging and synthetic overviews of generic
problems.

Although most of the reports are published by IWMI staff and their collaborators,
we welcome contributions from others. Each report is reviewed internally by IWMI
staff, and by external reviewers. The reports are published and distributed both in
hard copy and electronically (www.iwmi.org) and where possible all data and analyses
will be available as separate downloadable files. Reports may be copied freely and
cited with due acknowledgment.

About IWMI

IWMI’s mission is to improve the management of land and water resources for food,
livelihoods and the environment. In serving this mission, IWMI concentrates on the
integration of policies, technologies and management systems to achieve workable
solutions to real problems—practical, relevant results in the field of irrigation and
water and land resources.
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Summary

There is ample evidence to suggest that Sri Lanka’s
climate has already changed. During 1961-1990,
the country’s mean air temperature increased by
0.016 °C per year, and mean annual precipitation
decreased by 144 millimeters (mm) (7%) compared
to that of 1931-1960. However, the bigger question
of national importance is what Sri Lanka’s climate
will look like in 50 or 100 years and how prepared
the country is to face such changes. Few studies
attempted to project future climate scenarios for Sri
Lanka and to identify climate change (CC) impacts
on agriculture, water resources, the sea level, the
plantation sector, the economy and health. This
report reviews the status of CC research/activities
in Sri Lanka in terms of observed and projected
climatic changes, their impacts on water resources
and agriculture (the two sectors most important for
future food security), and CC mitigation and
adaptation. The review suggests that Sri Lanka’s
mean temperature may increase by approximately
0.9-4 °C, over the baseline (1961-1990), by the year
2100 with accompanying changes in the quantity
and spatial distribution of rainfall. These changes
may lead to an increase in the Maha (wet) season
irrigation water requirement for paddy by 13-23% by
2050 compared to that of 1961-1990. Future

projections on coconut yield suggest that
production after 2040 may not be sufficient to cater
to local consumption. A reduction in the monthly
rainfall by 100 mm could reduce productivity by 30-
80 kilograms (kg) of ‘made’ tea per hectare (ha).
The report also attempts to identify the country’s
agricultural vulnerability hotspots, as well as
ascertaining existing knowledge gaps. This study
developed a pilot level CC Vulnerability Index
consisting of three subindices (Exposure, Sensitivity
and Adaptive Capacity), which was subsequently
mapped at district level. The maps indicate that
typical farming districts such as Nuwara Eliya,
Badulla, Moneragala, Ratnapura and Anuradhapura
are more sensitive to CC than the rest of the country
due to their heavy reliance on primary agriculture.
Coupled with their low infrastructural and
socioeconomic assets (or low adaptive capacity),
and high level of exposure to historical hazards,
these areas are the most vulnerable to adverse
impacts of CC. The need for a more detailed
assessment of vulnerability of the country’s water
resources and agriculture to CC is also advocated,
as well as the need to formulate reliable future
climate scenarios, and the setting up of a national
water resources audit.

vii






The Impacts of Climate Change on Water Resources
and Agriculture in Sri Lanka: A Review and
Preliminary Vulnerability Mapping

Nishadi Eriyagama, Vladimir Smakhtin, Lalith Chandrapala and Karin Fernando

Introduction

The Intergovernmental Panel on Climate Change
(IPCC 2007) defines CC as “a change in the
state of the climate that can be identified (e.g.,
using statistical tests) by changes in the mean
and/or the variability of its properties, and that
persists for an extended period, typically
decades or longer.” The definition refers to any
change in climate over time, either due to
natural variability or as a result of human
activity. This differs from the definition of the
United Nations Framework Convention on Climate
Change (UNFCCC), where CC refers to “a
change of climate that is attributed directly or
indirectly to human activity that alters the
composition of the global atmosphere and that is
in addition to natural climate variability observed
over comparable time periods” (IPCC 2007). For
the purpose of this study, the IPCC definition of
CC is adopted, since generally research/
activities on CC that have been carried out in Sri
Lanka do not differentiate between natural and
human-induced variability. However, be it due to
natural causes or human activity, a pronounced
change in the country’s climate is observed as
evidenced by a number of recent studies (e.g.,
Chandrapala 1996b; Fernando and Chandrapala
1992; Basnayake et al. 2002; Zubair et al. 2005,
Ratnayake and Herath 2005). Many of these
studies were fed into the third and fourth
assessment reports of the IPCC. After the Fourth
Assessment Report (AR4) (IPCC 2007), which

projected an alarming increase in global average
temperature in the range 0.3-6.4 C at the end of
the twenty-first century, researchers have
divulged even more disconcerting information on
greenhouse gases (GHG) in the atmosphere (the
build-up of which is the primary cause of global
warming and associated changes in climate):
Global carbon dioxide (CO,) concentration in
2008 (387 parts per million (ppm)) was the
highest on record in human history (NOAA 2009;
Adam 2008); Present GHG emissions are ‘far
higher than even the worst case scenario’
envisaged by the AR4 (Irwin 2009). In this
context, limiting global temperature rise to 2 C
above pre-industrial levels (the EU long-term
climate goal popularly regarded by many as ‘the’
climate target to achieve) is unlikely to be
realized unless stringent reductions in GHG
emissions are agreed on and adhered to. Such
global changes are apt to impact the climate of
individual countries even further. Sri Lanka, being
an island state, is especially vulnerable to all
identified impacts of CC including the rise in land
and sea surface temperature, changes in the
amount and pattern of precipitation, increase in
extreme climate events, and sea level rise.
These ‘direct’ impacts, in turn, trigger a wide
variety of secondary effects on water resources,
agriculture, livelihoods, health and well-being, the
economy and nature. It is critically important
that these impacts are identified, quantified, and



suitable action is initiated to adapt to them. This
report attempts to review the progress already
made in this direction, especially with regard to
water resources and agriculture, the two sectors

most critical for ensuring Sri Lanka’s future food
security. An attempt is also made to map
agricultural vulnerability hotspots, and identify
key knowledge gaps and future research needs.

Present Climate, Observed Changes and Future Projections

Present Climate and its Observed
Changes

Sri Lanka’s long-term mean annual temperature in
the lowlands is 27 'C while it is 15 'C at Nuwara
Eliya (1,895 meters above mean sea level (amsl)) in
the Central Highlands. Mean annual precipitation
(MAP) ranges from under 1,000 mm in the
northwestern and southeastern coastal areas to over
5,000 mm in the western slopes of the Central
Highlands. The spatial pattern of precipitation is
strongly influenced by topography and there are two
seasonal wind regimes (Chandrapala 1996b). The
Southwest monsoon (SWM) is from May to
September and the Northeast monsoon (NEM) from
December to February. There are two inter-
monsoonal periods from March to April (first inter-
monsoon (IM1)) and from October to November
(second inter-monsoon (IM2)). The El Nifio-Southern
Oscillation (ENSO) is known to influence the
country’s rainfall (Suppiah 1996). Sri Lanka consists
mainly of three climatic zones: the Wet Zone, Dry
Zone and the Intermediate Zone (Figure 1(a)).
Time series of annual mean temperature
anomalies from 1871-1990 show a significant
warming trend at most places in the country during
the latter half of this period (Chandrapala 1996b;

Fernando and Chandrapala 1992). The rate of
increase in temperature from 1961 to 1990 is
0.016 C per year (Chandrapala 1996b) (the global
average for the period 1956-2005 is 0.013 'C per
year (IPCC 2007)). Sri Lanka’s 100-year warming
trend from 1896 to 1996 is 0.003 'C per year (IPCC
2001), while it is 0.025 'C per year for the 10-year
period 1987-1996 (Fernando 1997), indicating a
faster warming trend in more recent years.
Seasonal mean temperatures for the Yala (April—
September) and the Maha (October—March)
agricultural seasons also display similar warming
(Basnayake et al. 2002). Mean (annual and
seasonal) daytime maximum and mean (annual
and seasonal) nighttime minimum air temperatures
have both increased during the period 1960-2001
(Basnayake et al. 2002; Zubair et al. 2005) with
trends of 0.026 C and 0.017 'C per year,
respectively (Zubair et al. 2005). Scientists
attribute this warming trend seen throughout the
country to both the enhanced greenhouse (global)
effect as well as the ‘local heat island effect’
caused by rapid urbanization (Basnayake 2008;
Basnayake et al. 2003; Fernando and Basnayake
2002; Emmanuel 2001). Figure 1(b) shows the
variation of observed warming trends in mean
annual temperature across the country.
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FIGURE 1. (a) Climatic zones of Sri Lanka and radial draining rivers; and (b) observed warming trends in mean annual
temperature (Source: Zubair et al. 2005).

There is no significant trend in Sri Lanka’s
MAP during the last century although higher
variability is evident (Jayatillake et al. 2005).
However, the MAP of Sri Lanka, estimated using
Thiesson Polygon Method, has decreased by 144
mm (7%) during the period 1961-1990 compared to
that estimated for the period 1931-1960
(Chandrapala 1996a; Jayatillake et al. 2005);
Rainfall data for the period 1949-1980 at 13 stations
reveal decreasing trends with steeper downward
trends in recent decades (Jayawardene et al.
2005). There is wide disparity in the magnitude of
changes that have taken place in different rainfall
seasons and different spatial locations. Although
no significant changes in rainfall amount have been
observed during the SWM (mean 546 mm) and IM2
(mean 548 mm), rainfall in the NEM (the Maha
season when the majority of agricultural areas in
the country receive rainfall - mean 459 mm) and

IM1 (mean 260 mm) has reduced, with NEM
showing increased variability (Jayatillake et al.
2005; Basnayake et al. 2002).

A few authors have made observations on
rainfall in the Central Region. An analysis of
interannual as well as intra-annual rainfall trends of
the Central Region from 1964-1993 suggests that
there is a decrease in MAP, with the highest
decrease being shown during IM1 (Herath and
Ratnayake 2004). Shantha and Jayasundara (2005)
observe a 39% decrease in MAP in the Mahaweli
headwater areas in the Central Highlands of the
country from 1880 to 1974. Madduma Bandara
and Wickramagamage (2004) indicate that rainfall
on the western slopes of the Central Highlands has
declined significantly from 1900 to 2002 due to a
reduction in rainfall during the SWM in this region
(western slopes of the hill country receive the
highest MAP in the country, often exceeding 5,000



mm). The reduction in observed rainfall in the
Central Region is attributed to the interaction of
both global and local factors (Wickramagamage
1998). In the country as a whole, the number of
consecutive dry days increased while the number
of consecutive wet days reduced (Ratnayake and
Herath 2005; Premalal 2009). Recent analysis of
the spatial pattern of rainfall also indicates an
expansion of the dry zone (MAP < 1,750 mm)
(Figure 2).

In addition to the above, the intensity and
frequency of extreme climate events (floods and
droughts) have increased in recent times triggering
an increase in natural disasters (Imbulana et al.
2006; Ratnayake and Herath 2005): the country has
already experienced two years of serious drought
and one major flood event within the first five years
of the twenty-first century (Imbulana et al. 2006).
The districts of Ratnapura and Kalutara generally
experience floods twice a year. However, the number
of incidences increased to four times (with one very
severe event) during 2008, as a result of an

unusually high number of heavy rainfall episodes.
According to Ratnayake and Herath (2005), the
daily rainfall intensity (amount of rainfall per rainy
day) and the average rainfall per spell have both
increased in most parts of the country. High
correlation between areas having increasing rainfall
intensities and the locations of past landslides is
observed (Ratnayake and Herath 2005). Upward
trends in the number of thunder days during IM1 has
been observed in Colombo (annual mean 84) and
Badulla (annual mean 79) over the period 1951-1990
(Fernando and Chandrapala 1994).

The current rate of sea level rise in coastal
areas of Asia is reported to be 1-3 mm/year which
is marginally higher than the global average (Cruz
et al. 2007). Evidence also suggests an
accelerated rate of sea level rise in Asia over the
period 1993-2003 (3.1 mm/year) compared to that
over the twentieth century as a whole (1.7 to 2.4
mm/year) (Cruz et al. 2007). However, the specific
rate of rise in seas immediately surrounding Sri
Lanka is not known.
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FIGURE 2. A comparison of average precipitation during (a) 1911-1940, and (b) 1961-1990, indicating expansion of the dry
zone (MAP < 1,750 mm) (Source: Imbulana et al. 2006)(Prepared by U. R. Ratnayake, Department of Civil Engineering,
University of Peradeniya, Sri Lanka).



Future Climate Projections

Studies which spell out future climate scenarios for
Sri Lanka are scarce and even the ones that exist
appear to have contradictory projections, especially
with respect to future rainfall. However, a few
projections for South Asia and Sri Lanka are
available mainly from three modeling approaches:
General Circulation Models (GCMs), Regional
Climate Models (RCMs), and statistically
downscaled GCM projections. GCMs try to
numerically mimic complex, natural and dynamic
climate processes occurring at the coarse global
scale; they generally have a spatial resolution
around 3° x 3° (latitude by longitude) (Santoso et al.
2008). The Hadley Centre Coupled Climate Model,
version 3 (HadCM3) (http://cera-www.dkrz.de/
IPCC_DDC/1S92a/HadleyCM3/Readme.hadcm3), the
CSIRO Gilobal Climate Model (http://www.ipcc-
data.org/sres/csiromk2_info.html) and the Canadian
Global Coupled Model (CGCM) (http.//www.ipcc-
data.org/sres/cgcm1_info.html) are examples of
GCMs. The use of GCM projections for impact
assessment at the local level, such as in a small
country like Sri Lanka, requires disaggregation of
the coarse resolution of GCMs to a finer resolution,
known as downscaling or regionalization. One such
method of downscaling is the creation of a RCM,
which is a separate high resolution climate model
simulated for a limited area, using GCM output as
the boundary condition controlling the simulation
(Santoso et al. 2008). PRECIS (http://
precis.metoffice.com/) and RegCM3 (http://
users.ictp.it/RegCNET/model.html#History) are
examples of regional climate models. Statistical
downscaling, on the other hand, identifies statistical
relationships between local climate variables

(surface air temperature, precipitation, etc.) and
large-scale predictors; it then applies such
relationships to simulate local climate characteristics
from GCM experiments, with the assumption that
these statistical relationships remain the same in
the future (Santoso et al. 2008).

All climate models use scenarios or ‘storylines’
of possible future changes in the world. Scenarios
published by the IPCC in its Special Report on
Emissions Scenarios (SRES) are grouped into four
scenario families (A1, A2, B1 and B2) that explore
alternative development pathways in terms of
population and GDP growth, energy use, land use
changes, fossil fuel use, etc., and resulting GHG
emissions (IPCC 2000). The A1 storyline assumes
a world of very rapid economic growth, a global
population that peaks in mid-century and rapid
introduction of new and more efficient technologies.
A1 is divided into three groups that describe
alternative directions of technological change: fossil
intensive (A1FI-highest future emissions), non-fossil
energy sources (A1T) and a balance across all
sources (A1B). B1 (lowest future emissions)
describes a convergent world, with the same global
population as A1, but with more rapid changes in
economic structures toward a service and
information economy. B2 describes a world with
intermediate population and economic growth,
emphasizing local solutions to economic, social,
and environmental sustainability. A2 describes a
very heterogeneous world with high population
growth, slow economic development and slow
technological change (IPCC 2000). Climate
projections for South Asia and Sri Lanka are
available for scenarios A1, A1FI, A2, B1 and B2
through the three modeling approaches described
earlier (Table 1; Figure 3).



TABLE 1. Projected increase in mean annual temperature by 2100.

Source Model Scenario Base year Change at end of the twenty-first
century (unless otherwise stated)
Cruz et al. 2007 AOGCM A1FI 1961-1990 +5.44 °C
IPCC 2007 (South Asia)
B1 1961-1990 +2.93 °C
(South Asia)
Kumar et al. RCM (PRECIS) A2 1961-1990 +2.5t0 +4 °C
2006 (spatially across Sri Lanka)
B2 1961-1990 +2t0+3°C
(spatially across Sri Lanka)
Islam and RCM (PRECIS) A2 1961-1990 +2.5t0 +4 °C
Rehman 2004 (spatially across Sri Lanka)
Basnayake Statistical downscaling A1FI 1961-1990 +2to +3°C
et al. 2004 of GCMs (HadCMg3, (range by three models for
CSIRO, CGCM) Sri Lanka as a whole)
B1 1961-1990 +09to+1.4°C
(range by three models for Sri Lanka
as a whole)
A2 1961-1990 +1.7t0 +2.5°C
(range by three models for Sri Lanka
as a whole)
De Silva 2006b  Statistical downscaling of A2 1961-1990 +1.6 °C by 2050s
GCMs (HadCMB3) (Sri Lanka)
B2 1961-1990 +1.2 °C by 2050s

(Sri Lanka)
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FIGURE 3. Summary of annual and seasonal rainfall projections for the twenty-first century.



There is general consensus among future
projections that Sri Lanka will become increasingly
warmer during the twenty-first century, although the
projected magnitude of temperature increase differs
from study to study (Table 1). IPCC regional
projections based on AR4 GCMs suggest a
significant acceleration of warming in Asia over that
observed during the twentieth century. Warming will
be stronger than the global mean in South Asia
while higher warming is projected during the NEM
than during the SWM (Cruz et al. 2007). In
comparison with the period 1961-1990, a
temperature increase of 5.44 C and 2.93 C is
projected for the two IPCC emission trajectories
A1Fl and B1, respectively, over South Asia during
the NEM in 2070-2099 (Cruz et al. 2007). Two
RCM experiments over South Asia (using PRECIS)
also project widespread warming in the region
including in Sri Lanka (Table 1) towards the end of
the twenty-first century (Kumar et al. 2006; Islam
and Rehman 2004). Although the two experiments
have different model and analysis domains (India in
Kumar et al. 2006; Pakistan in Islam and Rehman
2004), both cover Sri Lanka. The two studies
confirm projections made by the IPCC of higher
warming during the NEM and lower warming during
the SWM.

In addition to the above, a few studies have
attempted to statistically downscale projections of
GCMs over Sri Lanka. These studies project mean
temperature increments of varying magnitudes
(ranging from 0.9 to 3 'C) by 2100, which are
summarized in Table 1. When considering intra-
annual variation of temperature, Basnayake (2008)
suggests higher increases (+2.9 C) in the NEM
season and lower increases (+2.5 C) in the SWM
season. De Silva (2006b) envisages temperature
increases mainly in the northern, northeastern and
northwestern regions of the country (all within the
dry zone). Meanwhile, Jayatillake and Droogers
(2004) suggest a 0.5 'C increase in the period
2010-2039 and a 2-3 C increase in the period
2070-2099 within the Walawe Basin in southern Sri
Lanka. Zubair et al. (2005) constructed 1 km
resolution present climatology fields for minimum,
mean and maximum annual average temperatures,
and projected future minimum and maximum

annual average temperature climatology fields for
2025 and 2050 by assuming that the 1960-2001
trends (minimum temperature: +0.017 ‘C per year
and maximum temperature: +0.026 C per year) will
continue. However, they did not specifically
consider the effects of CC.

Rainfall projections for Sri Lanka within this
century appear to be confusing and sometimes
contradictory. While these projections are
described in the next few paragraphs, summarized
forms of seasonal and spatial projections are
presented in Figures 3 and 4 for ease of
understanding. The majority of models project
higher MAP, but a few project lower MAP. Out of
those models that project higher MAP, some, such
as the AR4 models (Cruz et al. 2007), statistically
downscaled projections from HadCM3 by De Silva
(2006b) and statistically downscaled projections
using SimCLIM (a computer model facilitating
downscaling of GCM outputs: http://
www.climsystems.com/simclim/about.php) by
Basnayake and Vithanage (2004a), envisage an
increase in rainfall during the SWM (the season
when rainfall is confined mainly to the wet zone)
and a decrease in NEM rainfall (the season when
the majority of the dry zone receives rainfall) for a
range of IPCC scenarios (A1, A1FI, B1, A2 and B2).
De Silva (2006b) further elaborates that these
changes by the 2050s (with reference to the period
1961-1990) will be of the following magnitudes:
MAP — increase by 14% for A2 and 5% for B2;
NEM rainfall — decrease by 34% for A2 and 26%
for B2; SWM rainfall — increase by 38% for A2 and
16% for B2. On the other hand, statistically
downscaled projections from HadCMS3 by
Basnayake and Vithanage (2004b), and from
HadCM3 and CSIRO models by Basnayake et al.
(2004), suggest increases in rainfall during both the
SWM and NEM (for a range of IPCC scenarios
from A1 to B2), with higher increases during the
SWM than during the NEM. In contrast to the
above, downscaled CGCM model projections
(Basnayake et al. 2004) indicate decreases in
MAP, as well as decreases in rainfall during the
SWM and NEM for scenarios A1Fl, A2 and B1.
However, the authors do not provide any indication
of the percentage change in the SWM and NEM



rainfall in the latter two cases. Hence, it remains
unclear whether these changes will be significant.
A recent study by the Purdue University (Ashfaq et
al. 2009), especially on the South Asian Summer

Basnayake et al. 2004

Monsoon, using RegCM3, also projects a
weakened and delayed (by 5-15 days by the end
of the twenty-first century) SWM over the majority
of South Asia.

De Silva 2006b

FIGURE 4. Spatial patterns of rainfall projections for 2050 (plus/minus signs and their size indicate increase/decrease and
variation amplitude in rainfall).

The spatial pattern of rainfall projections also
displays similar contradictions (Figure 4). De Silva
(2006b) projects enhanced rainfall in the wet zone,
northwestern and southwestern dry zones; reduced
rainfall in other dry zone areas (such as
Anuradhapura, Batticaloa and Trincomalee), and
increased rainfall (2%) in the intermediate zone; all
by the 2050s for scenario A2. Basnayake and
Vithanage (2004b) and Basnayake et al. (2004),
who project increases in rainfall throughout the
country during both monsoon seasons (with
HadCM3 and CSIRO models), envisage much
higher increments of rainfall on the western and
southwestern parts of the island, including the
windward side of the central hills and lesser
increments on the rest of the areas by 2025, 2050
and 2100 for scenarios A1FIl, A2 and B1,
respectively. Image results of future projections by
Ashfaq et al. (2009) suggest increased rainfall
during the SWM in western Sri Lanka (which is

generally wetter than the east) and decreased
rainfall in the eastern part. This spatial trend has
also been noted by De Silva (2006b) and
Basnayake and Vithanage (2004a). It is worthwhile
to note that almost all available projections agree
on increased MAP in the wet zone of the country,
which could trigger beneficial impacts (to
agriculture) as well as harmful impacts (in the form
of increased floods and landslides). Meanwhile,
Jayatillake and Droogers (2004) project a
somewhat wetter situation, with simultaneously
more variation in annual precipitation in the Walawe
Basin. Shantha and Jayasundara (2005) envisage
a 17% reduction in rainfall in the Upper Mahaweli
watershed in the Central Highlands by 2025.

The IPCC envisages an increase in the
occurrence of extreme weather events, including
heat waves and intense precipitation events in
South Asia within this century; interannual
variability of daily precipitation during the SWM is



also projected to increase (Cruz et al. 2007). A
recent study by Ahmed et al. (2009) predicts that
the frequency of extreme wet events (precipitation
events exceeding the 1961-1990 95" percentile)
may increase by as much as 400% in India and Sri
Lanka during 2071-2100 compared to 1971-2000.
An increase of 10-20% in tropical cyclone
intensities (for a rise in sea surface temperature of
2-4 "C relative to current threshold temperature),
amplification of storm surge heights (due to
stronger winds), with increase in sea surface
temperatures and low pressures associated with
tropical storms, could contribute to enhanced risk
of coastal disasters (Cruz et al. 2007).

The above review suggests that considerably
more work is needed to verify and further refine
available climate projections for Sri Lanka.
Scientists are of the view that since South Asia, in
general, is unique from the rest of the world with
a very complex topography, global models like the
ones featured in the IPCC reports have difficulty

Impacts of Climate Change

Impacts on Water Resources

There are 103 distinct radial draining river basins in
Sri Lanka (Figure 1(a)) with considerable variations
in hydrological characteristics. Sixteen (16) out of
the 103 are classified as wet zone rivers and carry
approximately half the annual runoff in the country
(Arumugam 1969). One half of all rivers have zero
or negligible flow during the Yala (dry) season
(Amarasinghe et al. 1999). Sri Lanka depends
primarily on its surface water resources for
agricultural, domestic and industrial uses.
Agriculture is largely sustained by direct rainfall
and irrigation water extractions from rivers while
42% of electricity is generated from hydropower
sources. However, groundwater use is also rapidly
increasing in the country (IWMI 2005). In this
context, accurate quantification of CC impacts on

capturing some of the more subtle atmospheric
processes, so that they disagree on what might
happen to the monsoon patterns of the region as
well as on whether precipitation will increase or
decrease; understanding the potential impacts of
future CC in this region requires an improved
understanding of a host of climate processes
(Ashfaq et al. 2009). Moreover, the region is highly
susceptible to climate variability and natural
disasters (World Bank 2009). Even within the South
Asian region, Sri Lanka is unique considering the
fact that unlike most other countries which rely on
the summer monsoon (SWM-May to September),
Sri Lanka receives the major share of its annual
precipitation from the winter monsoon (NEM-
December to February) (World Bank 2009).
Therefore, it is desirable that projections from
detailed high-resolution RCMs are used to obtain
reliable climate scenarios for Sri Lanka. Accurate
quantification of CC impacts and identification of
adaptation strategies both depend on it.

water resources will be the key to successful
adaptation, as Sri Lanka transforms gradually from
an agriculture-oriented society to a more
industrialized one. It will face the dual challenge of
adapting to CC while meeting rising demands on
water resources due to a growing population and
increased allocations to sectors other than
agriculture. Although, it is difficult to reach any
consensus regarding CC impacts on water
resources due to contradicting rainfall projections,
the dominant school of thought is that while Sri
Lanka will actually gain in terms of mean annual
water availability due to CC, its increased variability
and inequitable spatial distribution (wet areas
getting wetter and dry areas getting drier:
Basnayake 2008; Basnayake et al. 2004;
Basnayake and Vithanage 2004b; De Silva 2006b)
will negatively impact agriculture and food security.



The brunt of the impact of CC on water
resources is expected to be borne by the
northeastern and eastern dry zone of the country;
they may become even drier by the 2050s (De Silva
2006b). The changes in rainfall and temperature,
together with other climatic factors, may increase
the average reference evapotranspiration (ET,) (1-
2% for scenarios B2-A2) and maximum annual
potential soil moisture deficit (PSMD__ ) (4-11% for
scenarios B2-A2) across the country by the 2050s
(De Silva 2006b; De Silva et al. 2007). Potential
Soil Moisture Deficit (PSMD) in any month of the
year is calculated by adding the difference between
potential evapotranspiration (of short grass) and
rainfall in the present month, with previous month’s
PSMD. Estimation of PSMD starts in January
when the soil moisture deficit is usually zero in Sri
Lanka due to the commencing of the wet season
rainfall in October (De Silva 2006b). The maximum
PSMD of the 12 months of the year is the
maximum annual PSMD (PSMD__ ) (De Silva
2006b). The corresponding rainfall and ET
datasets for the baseline scenario (1961-1990) and
the A2 and B2 scenarios for the 2050s have been
used to estimate the differences in PSMD__
across the country between the two time slices
(De Silva 2006b). The projected changes will be
significant in the dry zone, where some of the

FIGURE 5. Spatial distribution of areas with higher baseline PSMD

PSMD

max

(shown in blue) with expected change in PSMD

max

agriculturally intensive areas are located and the
availability and reliability of water resources are
already under severe pressure (De Silva 2006b).
The observed reduction and the increase in
variability of the NEM rainfall (Jayatillake et al.
2005; Basnayake et al. 2002), through which these
areas receive the better part of their agricultural
water requirements, suggest the possibility of even
further increases in water stress. The areas with
higher baseline PSMD__ (1961-1990) are located
in the North and the East, notably in Jaffna,
Mannar, Vavuniya, Trincomalee, Anuradhapura and
Batticaloa, while Colombo, Galle, Ratnapura and
Nuwara Eliya, which cover the western and
southwestern parts of the country (Figure 5), have
lower baseline PSMD__ . In general, northern,
eastern and southeastern areas (covering the
whole of the dry and intermediate zones) will see
substantial increases in PSMD__ by the 2050s (De
Silva 2006a). Expected changes in PSMD__ for
some locations are shown in Figure 5. The worst
affected area within the dry zone will be Batticaloa,
on the eastern coast, with increases of 25% for A2
and 13% for B2. However, among the dry zone
areas, Hambantota in the southern tip of the island
is expected to see a decrease in PSMD__ (5% for
A2 and 2% for B2), while also gaining in MAP (De
Silva 20063a; Jayatillake and Droogers 2004).

Jaffna
S, A2:+12 % ; B2: +5%

Batticaloa
W A2:+25%; B2: +13%
ale Zone

Hambantota
A2:-5%; B2: -2%

location name shown in red) and areas with lower

max (

by the 2050s for some of them (shown by A2 and B2 values in

green) (Source: De Silva 2006a).
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As stated earlier, a reduction in rainfall in the
Central Highlands has been observed and projected
by several authors. Since the Central Highlands
contribute the largest volume of water for hydropower
generation and subsequently for irrigation (e.g.,
through multipurpose reservoirs in the Mahaweli
Basin), negative climatic changes in this region will
very likely result in significant negative economic
impacts. The Kotmale, Victoria, Randenigala and
Rantembe reservoirs constructed in the heart of the
Upper Mahaweli watershed supply 29% of the
national power generation and 23% of irrigation water
supplied by major irrigation schemes (Shantha and
Jayasundara 2005). Since the Mahaweli is a
multipurpose water supply scheme, the potential of
hydroelectricity generation of associated power
stations is governed by downstream irrigation
requirements. These requirements, being highly
seasonal, tend to constrain the operation of power
stations during certain periods of the year (Shantha
and Jayasundara 2005). In the event of a decline in
river discharge, water allocation between the two
sectors will be problematic. This emphasizes, even
more, the need for reliable climate projections for the
country so that they may provide an indication of
how much alternative power (other than
hydroelectricity) will be required in the future, without
compromising allocations to the irrigation sector.

Notably absent are research on CC impacts on
groundwater resources in Sri Lanka both in terms
of quantity and quality, except perhaps in the
Walawe Basin (e.g., Ranjan et al. 2007). The
country’s dry zone area suffers from excess fluorine
(Seneviratne and Gunatilaka 2005) while sea level
rise due to CC is expected to increase salinity in
coastal aquifers. A global scale evaluation of fresh
groundwater resources has found that groundwater
resources in South Asia are highly vulnerable to
saltwater intrusion due to global warming (Ranjan
et al. 2007). Some other unanswered questions are
whether Sri Lanka will be able to satisfy its
national water needs (agricultural, industrial and
domestic) and how its surface water quality will
vary during the twenty-first century amid increased
warming.

Impacts on Agriculture

Impacts of CC on Agriculture maybe broadly
categorized into three areas: impact of
temperature, CO,, and precipitation on crop
growth. In general, higher temperatures are
associated with higher radiation and higher water
use. Two effects of temperature have been
distinguished (Jayatillake and Droogers 2004):
physiological effects (at the level of plants and plant
organs) and the crop phenology effects (at the level
of the field or at the region). Efforts have been
made to quantify the impact on crop growth due to
the combined effects of enhanced atmospheric CO,
and increased temperatures, both globally as well
as within Sri Lanka. According to results of
worldwide experiments, combined and collected by
the Center for the Study of Carbon Dioxide and
Global Change in Tempe, Arizona (http://
www.co2science.org), increases in potential crop
growth (Table 2) are indicated for rice, Sri Lanka’s
staple food, and other vegetables (Jayatillake and
Droogers 2004). Meanwhile other studies within the
country show mixed results. According to
Vidanage and Abeygunawardane (1994), a
0.1-0.5 C increase in temperature can reduce rice
yield by approximately 1-5%. According to
Punyawardena (2007), as cultivated crops in Sri
Lanka are already operating at optimum
temperature ranges, crop injuries are possible with
temperature increases. For paddy, ambient
temperature, exceeding over 35 C even for just
60-90 minutes at the flowering stage, can cause
crop damages. He also states that recent agro-
meteorological observations have shown that the
frequency of such temperature events increased
significantly in the dry and intermediate zones,
especially during the Yala (dry) season and this
has resulted in a high rate of unfilled grains due to
increased spikelet sterility. However, another
experiment carried out in Sri Lanka suggests that
rice yields respond positively (increases of 24 and
39% in the two seasons) to elevated CO, even at
higher growing temperatures (>30 'C) in subhumid
tropical environments (De Costa et al. 2006).
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TABLE 2. Increases in potential crop growth as a result of enhanced CO, levels in percentages.

Crop Period IPCC Scenario A2 (%) IPCC Scenario B2 (%)
Rice 2010-2030 20 10
2070-2100 40 20
Beet 2010-2030 10 5
2070-2100 20 10
Tomato 2010-2030 15 8
2070-2100 30 15

Source: Jayatillake and Droogers 2004

The real threat to rice cultivation might be the
third factor impacting crop growth, namely,
changes in the amount of precipitation and
temporal distribution. Nearly 72% of paddy
production is grown during the Maha (wet) season
in dry areas where water resources are already
stressed (De Silva et al. 2007). De Silva et al.
(2007) suggest that, by 2050, average paddy
irrigation water requirement during the Maha season
will increase by 23 and 13%, respectively, for the
A2 and B2 scenarios due to reductions in average
rainfall, increase in potential evapotranspiration and
early ending of rainfall; the hardest hit will be the
dry and intermediate zones of the country. The
worst affected in this regard will be Batticaloa on
the eastern coast, with increases of 45% for A2
and 15% for B2 scenarios. Irrigation water
requirements for other field crops cultivated in the

dry and intermediate zones during the Yala season
will also significantly increase (De Silva 2006a).
However, positive impacts are shown in the
extreme south in Hambantota (De Silva et al.
2007; Jayatilleke and Droogers 2004) where paddy
irrigation water requirement is expected to decrease
by 2 and 4% for A2 and B2 scenarios, respectively,
by the 2050s (De Silva et al. 2007). According to
Jayatilleke and Droogers (2004), rice yields in the
Walawe Basin will increase as a result of
enhanced CO, levels and higher precipitation,
although a substantial variation in yield is
expected; Overall, the impact on food production
will be positive in the Walawe Basin. Figure 6
shows the spatial variation in expected changes in
the Maha season paddy irrigation requirement (PIR)
from the baseline period (1961-1990) to A2 and B2
scenarios for the 2050s.

SRES B2 5cenario 20505

Percentage (%) change in PIR compared to Basdline
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B A7 tee
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B +13t0475 M +22to4+38
B +1sto+17 [l +38to+53

FIGURE 6. Spatial variation in expected changes in the Maha (wet) season paddy irrigation requirement (PIR) from the
baseline period (1961-1990) to A2 and B2 scenarios for the 2050s (Source: De Silva et al. 2007).
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Plantation crops, tea, rubber and coconut, are
the next most important crops to Sri Lanka’s
economy, being some of the main foreign exchange
earners while also generating income to the majority
of unskilled laborers in the country. Several studies
have been undertaken to assess the impact of CC
on plantation crops. Wijeratne et al. (2007) found
that tea cultivations at low and mid-elevations are
more vulnerable to the adverse impacts of CC than
those at high elevations. They also found that the
optimum temperature for tea cultivation is 22 C,
and the optimum rainfall varies from 223 to 417 mm
per month in different tea growing regions of the
country. Reduction of monthly rainfall by 100 mm
could reduce productivity by 30-80 kg of ‘made’ tea
per hectare (Wijeratne et al. 2007). Yield projections
also show that rising temperatures and diminishing
rainfall reduce tea yield in many tea growing regions,
except in the up-country wet zone (Wijeratne et al.
2007).

Coconut is almost exclusively grown as a
rainfed crop in Sri Lanka. Rainfall and temperature
are the important climatic factors influencing
coconut yield (Peiris et al. 1995; Mathes and
Kularatne 1996). Future yields in coconut
production under six different climate scenarios
using integrated crop models (mathematical
description of accumulation of coconut biomass in
terms of temperature, rainfall, solar radiation and
certain soil properties, integrated with SimCLIM
climate model) suggest that the projected coconut
production after 2040 in all climate scenarios (when
other external factors are non-limiting) will not be
sufficient to cater to local consumption (Peiris et al.
2004). Studies on the response of coconut yield to
climate variations in the past have shown that
extended dry spells and excessive cloudiness
during the wet season can reduce coconut yield so
that annual losses can range between US$32 and
US$73 million (Fernando et al. 2007). However, on
the other hand, during a high rainfall year, the
economy could gain by US$42-US$87 million due
to high coconut yields (Fernando et al. 2007).
Among the different stakeholders in the coconut
industry, the coconut oil industry will be the most
vulnerable to CC: increasing air temperatures will
increase the future pest and disease problems on

coconut (as well as on all other crops), and as a
result increased investment in pest control would
be required (Peiris et al. 2004).

CC is expected to affect Sri Lanka’s forest
distribution as well, with increases in tropical very
dry (5%) and tropical dry forest (7%) and a
decrease in tropical wet forest (11%) areas
(Somaratne and Dhanapala 1996). Sea level rise as
a result of global warming poses another threat to
coastal agricultural areas due to inundation and
salinity intrusion of coastal wetlands and aquifers.
Weerakkody (1996) states that inundation will be
in the range 41 square kilometers (km®) for a rise
of 0.3 meters (m) and 91.25 km® for a rise of 1 m
for lowlands along the southwest coast. The Galle
District (one of Sri Lanka’s 25 administrative
districts — location shown in Figure 5), situated
along the southwest coast, is further subdivided
into 18 district secretariat (DS) divisions. Pilot
studies suggest that sea level rise could inundate
about 20% of the land area of Galle’s five coastal
DS divisions (Wickramarachchi n.d.). The damage
caused could be of a higher magnitude if the
combined effects of beach erosion (presently 0.3-
0.35 m per year (Ministry of Forestry and
Environment 2000)), storm surges, and coastal
flooding are considered along with inundation due
to sea level rise. However, on a positive note, a
recent study by the WorldFish Center, Malaysia,
which compared the vulnerability of 132 national
economies to potential CC impacts on fisheries in
2050, under IPCC scenarios A1FI and B2, finds
that Sri Lanka’s vulnerability is low in this respect
(Allison et al. 2009). This is primarily due to the
fact that, according to projections made using the
HadCMS3 climate model for 2050, Sri Lanka’s
overall exposure (one of the three components
which make up this vulnerability index, the other
two being sensitivity and adaptive capacity) to CC
is considered very low compared to that of other
countries (Allison et al. 2009).

CC impacts on agriculture invariably impact the
country’s economy. Seo et al. (2005) find that
nationally, the impact on agriculture (rice, tea,
rubber and coconut) will result in economic impacts
in the range of LKR -11 billion rupees (US$96.4
million: -20%) to LKR +39 billion rupees (US$342
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million: +72%) depending on the climate scenarios.
To calculate the economic impacts, the authors
used temperature and precipitation projections for
2100 using five GCMs (HadCM3, CSIRO, CGCM,
PCM (http://www.cgd.ucar.edu/pcm/) and CCSR
(http://www.ipcc-data.org/is92/ccsr_info.html) and
two simple uniform change scenatios of 2 C rise
in temperature and 7% increase in precipitation (all
five GCMs indicate an increase in MAP and mean
annual temperature by 2100 (Seo et al. 2005)).
Beneficial and harmful impacts due to an increase
in precipitation and temperature, on paddy, tea,
rubber and coconut, are evaluated based on their
past sensitivity to climate variability. They reconfirm
that CC impacts could be large in tropical
developing countries, but are highly dependent on

the climate scenario. In a similar study on the impact
of climate change on the smallholder agriculture
sector in the country, Mendelsohn et al. (2004) finds
that, with mild warming and a large increase in
precipitation, net revenue per hectare may increase
by 22%. On the other hand, with medium warming
and only a small increase in precipitation, losses of
23% are projected. These impacts are, however,
highly location-specific. The largest adverse impacts
are projected to be in the northwestern and
southeastern lowlands in the dry zone, while the wet,
high elevation areas are expected to benefit from
climate change. Changes in precipitation may have
more impact than temperature changes, especially
during key agricultural production months
(Mendelsohn et al. 2004).

Mitigation and Adaptation to Climate Change

Climate Change Mitigation

Sri Lanka is a signatory to the UNFCCC and has
ratified the Kyoto Protocol on CC. Therefore, under
its obligation to contribute to efforts to mitigate CC,
Sri Lanka made its Initial National Communication
on Climate Change in October 2000. Its Second
National Communication is under preparation (C.
Panditharatne, Ministry of Environment, pers.
comm.). According to Sri Lanka’s latest GHG
inventory (1994), annual emissions stand at
33,630.22 gigagrams (Gg) of CO,, 1,098.38 Gg of
Methane (CH,) and 162.8657 Gg of Nitrous Oxide
(N,O) (Ministry of Forestry and Environment 2000).
The largest contribution to GHG emissions (CO,) is
through the change in forest and woody biomass
stocks, forest grassland conversion, liming and
organically amended soils. The largest source of
CH, is from treatment and handling of waste, while
the energy sector also contributes on a small-
scale through the incomplete burning of fossil fuel
(Ministry of Forestry and Environment 2000).
Biomass (47%), petroleum (45%) and hydropower
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(8%) are the main primary energy resources used
in the country (ADB 2006).

Sri Lanka has initiated a host of activities
aimed at reducing its GHG emissions including
afforestation, reforestation, sustainable energy
development and incorporation of emission
reduction strategies to the transport sector. Studies
have been conducted to assess the carbon
sequestration potential of Eucalyptus plantations in
the up-country region, and in-situ Gliricidia
plantations providing innovative thermal energy to
desiccated coconut mills in Sri Lanka (e.g.,
Nissanka and Ariyaratna 2003; Fernando and
Jayalath 2003). Efforts have also been made to
introduce renewable energy such as small
hydropower plants, solar and wind energy
(Weerakoon and De Silva 2006; Prasad 2006), and
biofuels (Ambawatte and Kumara 2007; Ambawatte
et al. 2007) to the energy sector. Some innovative
projects aimed at mitigating CC impacts are, the
planting of 73,000 trees to offset carbon emissions
generated by the tourism industry which is carried
out as part of a ‘Carbon Clean Sri Lanka’



campaign, and the installation of ten trial base
stations using solar and wind power by Dialog
Telekom, a mobile telecommunications provider
(Anderson 2009). A number of non-governmental
organizations are also active in the country
implementing community based projects aimed at
reducing GHG emissions to the atmosphere, such
as through the Small Grants Programme of the
Global Environment Facility (GEF).

Apart from the Initial National Communication,
Sri Lanka has also developed a Clean Development
Mechanism (CDM) policy and strategy, and a few
CDM projects in the form of small hydropower
stations are already underway. Introduction of
Vehicle Emission Standards and the ‘Green Lanka’
program are other initiatives taken in this direction.
The country is also contemplating the introduction
of new strategies into the transport sector (heavily
dependent on fossil fuels at present), such as
promoting public transport instead of private
transport within major cities.

Climate Change Adaptation and Policy

Adaptation to CC is any ‘Adjustment in natural or
human systems in response to actual or expected
climatic stimuli or their effects, which moderates
harm or exploits beneficial opportunities’ (IPCC
2007). Although there are a number of
environmental policies, legal enactments and plans
that contain provisions that could contribute to
reducing or mitigating the effects of CC in the
country, the subject of CC has not been directly
addressed in any of these documents (Ministry of
Forestry and Environment 2000). Therefore, the
Initial National Communication recommends the
incorporation of CC considerations into existing
policies. Munasinghe (2008) proposes adoption of
the ‘sustainomics’ framework (developed by the
World Bank) and its tools to integrate CC policies
into Sri Lanka’s development strategy, and to help
make the transition from the risky ‘business-as-
usual’ scenario to a safer and more sustainable
future. Sustainomics seeks to provide a
comprehensive, practical framework for making
present and future development efforts more

sustainable. Using one of its tools called the
‘Action Impact Matrix,” Munasinghe (2008)
identifies the vulnerability of Sri Lanka’s water
resources and agricultural output as the key
challenge to national food security in the wake of
CC. Hence, the island’s successful adaptation
depends on accurate projections of CC impacts on
its water resources and agriculture, and finding
ways to manage and adapt to such projections.
Some examples of initiatives already undertaken in
this regard are explained in the next paragraphs.
However, a more comprehensive national study on
river basin or district scale covering the
assessment of existing water resources and the
vulnerability of water resources and agriculture to
impacts of CC is an urgent need for the country.

Understanding the present climate is imperative
in projecting future climate changes. Hence, a
significant number of attempts have been made to
understand and quantify the effect of climate
parameters such as ENSO and Sea Surface
Temperature (SST) on Sri Lanka’s present climate
(e.g., Zubair et al. 2008; Pathirana et al. 2007;
Zubair and Ropelewski 2006; Suppiah 1996).
Some of these attempts (e.g., Zubair et al. 2008)
propose short and medium term rainfall predictions
based on ENSO and SST. Tools for predicting
annual coconut production (Peiris et al. 2008) and
seasonal water availability within the Mahaweli
scheme (Zubair 2003) make use of such short and
medium term rainfall predictions.

Rainwater harvesting and storage during
higher rainfall seasons, especially in the dry and
intermediate zones, is a viable solution for
utilizing available water resources throughout the
year. De Silva (2006b) suggests the provision of
a rainwater harvesting system to all households
in drought-prone areas, making it a prerequisite
to receive drought relief. Renovating the existing
tanks to store excess rainfall during the SWM
and devising methods to store and transfer
excess rainfall in the wet zone to the dry zone
are other available alternatives for water
resources adaptation when considering the
country as a whole (De Silva 2006b). Both
rainwater harvesting, and restoration of existing
tanks, are “no regrets” adaptation interventions
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that simultaneously deliver climate resilience and
address current development needs.
Development of sustainable groundwater,
promotion and adoption of micro-irrigation
technologies, wastewater reuse, increasing water
use efficiency and change of allocation practices
are other adaptation options under consideration
in the water resources sector. A greater shift
towards alternative energy sources from
hydropower and fossil fuels is advocated in the
energy sector (Shantha and Jayasundara 2005),
while the Coast Conservation Department (CCD)
is in the process of formulating a Climate
Change Action Plan for adapting to sea level rise
(B. Wickramarachchi, CCD, pers. comm.).
However, equally important is creating awareness
among different stakeholders on vulnerabilities,
impacts and adaptation options, as well as the
encouragement of farmers to take individual or
communal action to prepare for CC.

TABLE 3. Crop adaptation strategies by type of crop,

Studies on crop adaptation are mainly carried
out by six research institutes in the country,
conducting research on rice, field crops,
horticultural crops, tea, rubber and coconut. Table
3 provides information on crop adaptation
strategies (against CC), under consideration or
already implemented for each type of crop,
gathered from documented evidence and personal
communication with relevant officers. Apart from the
above, the introduction of micro-irrigation
technologies (e.g., Peiris et al. 2006; Aheeyar et
al. 2005), shifting from rice to field crops (e.g.,
Chandrika et al. 2004), and crop diversification
(Nanthakumaran 2004) are other strategies being
tested across the diverse spectrum of crops found
in Sri Lanka. Adaptation strategies focussed on
two alternative development approaches (sustaining
food security versus enhancing environmental
quality) have been proposed for rice farmers in the
Walawe Basin by Jayatillake and Droogers (2004).

Rice

Field crops

Tea Coconut

Development of varieties
that respond positively to
increased air temperature
and humidity, increased
atmospheric CO,,
moisture stress conditions,
increased salinity and
submergence
(Weerakoon, W. M. W.
RRDI, pers. comm.;
Piyadasa et al. 1993)

Development of short-term
(low water consuming) rice
varieties, suitable for shorter
growing seasons (e.g.,
Harris and Shatheeswaran
2005)

Partial shift of present
locations to areas projected
to receive more beneficial
rainfall (De Silva et al. 2007)

Changing planting time to
suit altered rainfall onset
times, especially in the
dry zone (De Silva et al.
2007)

Development of high-
yielding improved varieties
of field crops, dry zone
vegetables and fruits
suitable for irrigated and
rainfed conditions with pest,
disease and drought
resistance quality
(Department of Agriculture
2006)

Development of improved
soil and water conservation
methods and soil fertility
management practices
(Department of Agriculture
2006)

Investigation of the impact
of increased temperatures,
humidity and moisture
stress on field crops (e.g.,
Inpadevy and Mahendran
2003; Weerasinghe et al.
2001; Peiris et al. 1993)

Use of hardy tea clones
resistant to drought,
pests and diseases
(Wijeratne 1996)

Adopt moisture conservation
methods, such as cover crops,
organic manure, burying coconut
husks and contour drains to
minimize the effects of less
rainfall (Mathes and Kularatne
1996)

Improvement and
implementation of soil
conservation measures
(Wijeratne 1996)

Proper shade management,
and expansion of
multicropping systems
(Wijeratne 1996)
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Mapping Climate Change Vulnerability

The previous sections looked at the observed and
projected climatic changes, their impacts on the
water resources and agriculture sectors (the two
most important sectors in terms of the country’s
food security), and mitigation and adaptation
options for Sri Lanka. The review revealed that
limited attempts have been made so far to identify
agricultural vulnerability hotspots within Sri Lanka.
Therefore, a rather ‘coarse’ pilot study was carried
out to map the vulnerability of Sri Lanka’s
agriculture sector to CC on a district scale. It is
important to emphasize the word ‘coarse’, since
only publicly available datasets (such as those
downloadable via the internet) were used in
mapping. For this purpose, information on similar
mapping exercises carried out elsewhere in the
world were collected and analyzed. The intention of
collecting this information was to formulate a CC
vulnerability index applicable to Sri Lanka,
considering data availability and its suitability to Sri
Lankan conditions. Subsequently, a CC Vulnerability
Index, similar to ones constructed by Yusuf and
Francisco (2009) and Gbetibouo and Ringler (2009),
was designed and mapped here. In addition to
indices developed by Yusuf and Francisco (2009)
and Gbetibouo and Ringler (2009), the information
collected on other similar indicators is also
presented in Appendix 1, in order to demonstrate
the wide range of possibilities available in
constructing CC vulnerability indices. It is hoped that
the coarse scale maps presented here, together
with Appendix 1, will lead the way to more detailed
assessments at finer scales in the future.

Data and Methods

Vulnerability is defined as: “The degree to which a
system is susceptible to, or unable to cope with,

adverse effects of climate change, including climate
variability and extremes. Vulnerability is a function
of the character, magnitude, and rate of climate
variation to which a system is exposed, its
sensitivity, and its adaptive capacity” (IPCC 2001).
Therefore, vulnerability can be expressed as a
function of exposure, sensitivity, and adaptive
capacity (Equation 1).

Vulnerability =
f (exposure, sensitivity, adaptive capacity) (1)

This study proposes an index of CC
vulnerability, composed of three other subindices
representing exposure, sensitivity and adaptive
capacity, in order to identify hotspots of agricultural
vulnerability in Sri Lanka.

IPCC (2001) defines exposure as “the nature
and degree to which a system is exposed to
significant climatic variations”. Thus, exposure
relates to climate stress upon a particular unit of
analysis (Gbetibouo and Ringler 2009). In our
assessment, climate stress is represented by
frequency of climate extremes (Figure 7). The
Exposure Index uses frequency of exposure to
historical climate hazards as a proxy for future
climate hazard exposure, and computes Exposure
Indices for droughts, floods, cyclones and multi-
hazards (considering combined frequency of
droughts, floods and cyclones) for each district
(Table 4). Typically, a more complete measure of
exposure to future CC would require consideration
of projected changes in climate in each analysis
unit. However, given the existing ambiguity in CC
projections for Sri Lanka, inclusion of such
projections in our analysis is not realistic at
present. Therefore, this assessment relies on
historical climate data. It is likely that this
vulnerability will only increase under future climatic
changes.
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FIGURE 7. Exposure indices for droughts, floods, cyclones and multi-hazards for each district in Sri Lanka.
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Sensitivity is defined as “the degree to which
a system is affected, either adversely or
beneficially, by climate-related stimuli” (IPCC 2001).
It describes the human-environmental conditions
that can either worsen the climate hazard or trigger

an impact (Gbetibouo and Ringler 2009). The
present study considers sensitivity to be twofold in
the context of those employed in agriculture,
namely, Human Sensitivity and Livelihood
Sensitivity (Figure 8). In this assessment, Human

Human Sensitivity
Index
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Livelihood Sensitivity
Index

Sensitivity
Index
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FIGURE 8. Components of sensitivity index and the composite sensitivity index for each district in Sri Lanka.
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Sensitivity is represented by rural population
density. Rural areas (where most of the
agricultural endeavors in Sri Lanka are
concentrated) with high population density are
more sensitive to climate shocks, both because
they expose a larger number of people to climate
disasters while at the same time they are
lacking in capacity and infrastructure to deal with
such disasters effectively. Livelihood Sensitivity is
characterized by a number of proxies such as:
percentage of the population employed in
agriculture, percentage of paddy area served by
major irrigation schemes, and agricultural
diversity (crop diversity and degree of
engagement in non-crop endeavors such as
livestock farming and fishing). The rationale here
is that while a population with a greater reliance
on agriculture is more sensitive to changes in
climate, availability of irrigation and diversity in
farming, in terms of both crop variety as well as
engagement in non-crop endeavors, will
collectively lower its climate sensitivity. However,
in calculating the Livelihood Sensitivity Index, a
higher weight is attributed to the percentage of
the population employed in agriculture, since the
importance of agricultural resilience to any
district depends upon the extent to which
agriculture contributes to its employment and
income (Table 4). The overall Sensitivity Index
(Figure 8) carries a higher weight on livelihood
sensitivity since the impact of CC on the
livelihoods of farmers is expected to be more
severe than the direct impact on human lives.
Adaptive capacity is “the ability of a system to
adjust to climate change, including climate variability
and extremes, to moderate potential damages, to
take advantage of opportunities, or to cope with the
consequences” (IPCC 2001). It is considered to be
“a function of wealth, technology, education,
information, skills, infrastructure, access to
resources, stability and management capabilities”
(IPCC 2001). This assessment considers adaptive
capacity to be a function of Socioeconomic asset
ownership as well as Infrastructural asset ownership
(Figure 9). High asset ownership implies higher
adaptive capacity while low asset ownership implies
lower adaptive capacity. Socioeconomic assets are
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measured in terms of education (percentage of the
population passing the GCE (Ordinary Level)
Examination), poverty incidence (poverty headcount
index), income inequality (poverty gap ratio) and
share of agricultural GDP; Infrastructural assets are
measured in terms of road density, electricity
coverage (percentage number of houses having an
electricity connection) and the communications
index (a composite index consisting of the number
of landlines, number of cellular subscribers, and
number of internet users, per 100 population) (Table
4).

The assessment considers all districts in Sri
Lanka except those lying within the Northern
Province and the Trincomalee District in the
Eastern Province. The study relies on historic data
to assess vulnerability. Hence, it was felt that,
given the altered conditions prevalent in the recent
conflict zone in the North, use of historic data to
assess present vulnerability in these areas will
serve no justifiable purpose. Therefore, out of the
Northern and Eastern provinces, only the
Batticaloa and Ampara districts, which have been
somewhat politically stable in the recent past,
have been included in the study.

The procedure of constructing the index is
similar to that of the Human Development Index
(UNDP 2006), in which the values of each
component indicator is normalized to the range of
values in the dataset (see equations 2 and 3).
Each component indicator and the final CC
Vulnerability Index will have a value of 0-100 with
100 implying maximum vulnerability. The CC
Vulnerability Index (Figure 10) is the average of the
three subindices: the Exposure Index, the
Sensitivity Index and the Adaptive Capacity Index.
Although this index does not represent absolute
damage risk and is only a comparison of the level
of risk between districts, it does indicate where to
prioritize strategic planning and investment in CC
adaptation. Such prioritization is essential for
policymakers to base their decisions on
investment.

Index = AcV - Minvy x100 @)
MaxV — MinV




For indicators hypothesized to increase For indicators hypothesized to decrease

vulnerability, and vulnerability.

AcV - MinV where: [ndex = Index Value; Ac¢V = Actual
Index =100— =" 5100 )

MaxV — MinV Value; MinV =Minimum Value in dataset, and

MaxV =Maximum Value in dataset
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Infrastructural
Assets
Index

- 0-20

20-40 TN - 20-40
40-60 | 400
- 60- 80
- 80-100

0-20

Adaptive
Capacity
Index

FIGURE 9. Components of adaptive capacity index and the composite adaptive capacity index for each district in Sri Lanka.
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FIGURE 10. Composite vulnerability indices for drought, flood, cyclone and multi-hazard exposure for each district in
Sri Lanka.



To ensure that high index values indicate high
vulnerability in all cases, the index values are
calculated using equation 3, in the case of
indicators hypothesized to decrease vulnerability.
All subindices thus calculated (using values of
proxy variables) are then combined, by applying
the weights shown in Table 4, to form the three
main component indicators and the final
vulnerability index. Four vulnerability indices were
constructed in this manner, one each for exposure
to droughts, floods, cyclones and, finally, multi-
hazards (Figure 10).

Results and Discussion

According to Figure 7, many districts in the
country are exposed to high levels of climate
hazards: the number of districts within the 80-100
range in the Multi-hazard Exposure map is quite
high. Therefore, it may be reasonably expected
that these districts will be exposed to the same or
higher levels of climate extremes in the future too.
Digital data on historical exposure to climate
hazards, covering the whole of Sri Lanka, exists
only with the World Bank’s Natural Disaster
Hotspots Project (http://www.ldeo.columbia.edu/chrr/
research/hotspots/) at present, and were used in
this study. The Natural Disaster Hotspots Project
relies on records in the EM-DAT global database
(Emergency Events Database: http://
www.emdat.be/) to construct its digital datasets. A
more accurate assessment should consider
verification and refinement of these digital datasets,
and local agencies should be able to provide
historical data records on climate-related disasters
in Sri Lanka. One aspect of coverage here which
can definitely be improved is the Cyclone Exposure
Map. The reason being, although Batticaloa is
considered to be one of the districts highly
exposed to cyclones along with Trincomalee, its
exposure level here is shown as being very low.
The main cause for this discrepancy between the
actual situation and the dataset could be the
exclusion of some disasters in the EM-DAT
database (due to non-reporting, or non-recognition
as disasters by the EM-DAT criteria: 10 or more

people killed, 100 or more people affected,
declaration of a state of emergency or call for
international assistance). Therefore, the
development of a more accurate digital dataset on
historical climate hazards in Sri Lanka is extremely
important to make reliable future assessments on
climate vulnerability.

Human Sensitivity (or rural population density)
is extremely high in Colombo and Gampaha, in
sharp contrast to the rest of the country (Figure 8).
These densely populated rural areas (areas coming
under the purview of Pradesheeya Sabhas) are
highly vulnerable to extreme climate events (such
as floods) since they harbor a greater number of
people reliant on fewer resources (land per capita,
etc.). Although Colombo and Gampaha have low
livelihood sensitivity (due to higher levels of non-
agricultural employment) (Figure 8), and higher
adaptive capacity (higher socioeconomic and
infrastructure levels) (Figure 9), crowding poses a
threat to their climate resilience. Typical farming
areas such as Nuwara Eliya, Badulla, Moneragala,
Ratnapura and Anuradhapura have a higher
Sensitivity Index than the rest of the country on
account of their higher livelihood sensitivity to CC
(Figure 8). They also tend to have low
socioeconomic assets (higher levels of poverty, low
education levels and higher reliance on agriculture
for income), as well as low infrastructural assets,
leading to lower adaptive capacity (Figure 9).
Hence, infrastructural development, employment
diversification and socioeconomic upliftment of the
highly sensitive districts may help to lower their
sensitivity to CC and increase their adaptive
capacity. At the same time, it may also help to
lower the human sensitivity of the more affluent
districts of Colombo and Gampaha, by luring more
and more people to live away from these highly
congested areas.

Figure 9 illustrates the spread of infrastructure
development in Sri Lanka. The two eastern districts
of Ampara and Batticaloa along with Moneragala
are the worst performers on this index. The
Western Province (consisting of Colombo,
Gampaha and Kalutara districts) is well-endowed
with infrastructural assets, while the districts more
reliant on agriculture seem to lag behind in
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infrastructure development. Infrastructural assets in
terms of road density, communications facilities
and electricity coverage enable market access,
information flow, growth of agro-industries and
employment diversification from primary agriculture,
leading to more secure agricultural livelihoods and
lower climate vulnerability. Hambantota is one
district which has grown steadily over time in this
respect, showing greater diversity in income
generating activities (low sensitivity) and average
adaptive capacity (Figures 8 and 9).

Four districts stand out in terms of drought
vulnerability (Figure 10): Moneragala, Nuwara Eliya,
Anuradhapura and Polonnaruwa, which are
generally subject to frequent droughts. Ratnapura
and Nuwara Eliya show the highest flood
vulnerability while these two districts and
Anuradhapura show the highest vulnerability in
terms of multi-hazards. Despite not being severely
affected by historical cyclones, Nuwara Eliya and
Moneragala show high vulnerability to cyclone
exposure (Figure 10) since their high sensitivity
and low adaptive capacity influence the overall
vulnerability index. Colombo, Gampaha, Puttalam
and Hambantota show the lowest multi-hazard
vulnerability.

The main limitation of this assessment is its
inability to capture projections of CC and
socioeconomic conditions for the coming years.
However, given the ambiguity that exists with regard
to CC projections and future socioeconomic
conditions for Sri Lanka, such an analysis is not
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feasible at present. The inclusion of factors such
as, severity of land degradation; land tenure; and
future water availability under CC, as subindices in
the sensitivity index, would have made the overall
CC vulnerability index more reasonable. However,
in the absence of such data on a district scale for
Sri Lanka, we are compelled to rely on variables
such as the percentage employed in agriculture,
present irrigation water availability and crop
diversity as proxies representing sensitivity of the
agriculture sector to CC and associated impacts.
Also, we have not considered the threat posed by
sea level rise to coastal districts in this
assessment. Collection of detailed sub-national
information on the various component indicators will
enable mapping even on a finer scale, ideally at
Grama Niladari (GN) division level. In this study,
rural population density is represented by the
population density of Pradesheeya Sabhas in each
district. However, this proxy may not be appropriate
to districts like Colombo where the Pradesheeya
Sabhas are peri-urban. Therefore, a better way to
represent rural population density would be to
consider all areas within GN divisions, with a
density below a certain threshold, to be rural.
Hence, there is ample room for fine-tuning this
assessment to take into account scientifically
acceptable projections of future CC impacts,
projected changes in socioeconomic conditions
and detailed local level information on climate
hazards, biophysical factors, and indicators of
adaptive capacity.



Conclusions

It is evident that Sri Lanka’s climate has already
changed: During the period 1961-1990, the
country’s mean air temperature increased by
0.016 C per year; MAP decreased by 144 mm
(7%) compared to the period 1931-1960, although
no significant trend is observed in MAP. The review
suggests that although a few attempts have been
made to project Sri Lanka’s climate during the
twenty-first century, these attempts lack
consensus and are even contradictory. While there
is agreement among available projections that
gradual warming will be experienced throughout the
country within this century (0.9-4 C increase in
mean annual temperature), there is no such
agreement regarding rainfall. However, many
available projections indicate that CC impacts can
be large in the dry zone, especially in the
Northeast and the East, where some of the
agriculturally intensive areas are located and are
already experiencing water stress. The expected
changes may lead to an increase in the Maha
(wet) season irrigation water requirement for paddy
by 13-23% by 2050 compared to that of 1961-
1990. Observed and projected reduction in rainfall
in the Central Highlands is likely to create conflicts
between irrigation water supply and hydropower
generation from the multipurpose Mahaweli scheme
(supplying 29% of national power generation and
23% of irrigation water that is supplied by major
irrigation schemes).

Tea cultivations at low and mid elevations
appear to be more vulnerable to adverse impacts of
CC than those at high elevations. Reduction of
monthly rainfall by 100 mm could reduce
productivity by 30-80 kg of ‘made’ tea per hectare.
Future projections on coconut yield suggest that
production after 2040 may not be sufficient to cater
to local consumption. Studies on the response of
coconut yield to past climate variations have shown
that extended dry spells and excessive cloudiness
during the wet season can reduce yield so that
annual losses can range between US$32 and
US$73 million. However, on the other hand, during
a high rainfall year, the economy could gain by
US$42-US$87 million due to high coconut yields.

The expected impacts on water resources and the
agriculture sector may in turn trigger serious
impacts on the country’s food production,
livelihoods and the economy. A recent study finds
Sri Lanka to be one of the hotspots of food
insecurity in the Asia-Pacific region (ESCAP 2009),
while another suggests yet further decreases (0-
15%) in agricultural productivity by 2080
(Nellemann et al. 2009).

The preliminary agricultural vulnerability
mapping suggests that typical farming areas such
as Nuwara Eliya, Badulla, Moneragala, Ratnapura
and Anuradhapura (many of them in the dry zone)
are more sensitive to CC than the rest of the
country, due to their heavy reliance on primary
agriculture. At the same time they have lower
levels of infrastructural and socioeconomic assets
(much lower than those of Colombo and the
Western Province as a whole), resulting in lower
adaptive capacity, and hence, higher vulnerability.
Therefore, apart from food insecurity, CC may
worsen the existing economic and social inequities
and widen the gap between the developed core
(Colombo Metropolitan Region) and the less
developed areas. On the other hand, the more
affluent districts of Colombo and Gampaha are also
highly sensitive to climate extremes (which are
expected to exacerbate in the future), simply due
to the fact that they harbor disproportionately high
population densities than the rest of the country.

In this context, reliable and detailed quality-
controlled climate scenarios for the country are
urgently needed, in order to obtain a better idea
of the risks and benefits of CC and for strategic
planning towards adaptation. It may require
revisiting and quality controlling of the existing
studies and resolving the apparent ambiguity
with respect to future climate projections
(especially for precipitation) and/or the setting
up of a RCM experiment considering Sri Lanka
as the analysis domain. A comprehensive
national study on the vulnerability of Sri Lanka’s
water resources and agricultural sectors to CC
on a river basin or district scale should follow.
This study should not only include surface
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water, but also groundwater, covering both water
quality as well as water quantity issues. It is
equally important that such a study takes
stock of Sri Lanka’s present water resources in
the form of a national water resources audit,
such as the prototype audit developed by IWMI,
available at: http://idistest.iwmi.org:8080/slway/.
However, the future success of this tool
depends upon the collaboration and support of
national agencies in incorporating data and
information into it. Only if the combined impact
on agriculture, of increased temperature,
increased CO, in the atmosphere and
increased/decreased rainfall, is quantified, can a
true picture of the benefits or costs of CC on

28

agriculture, food security and the economy be
projected. Appropriate adaptation measures may
be implemented based on such a study.

A digital database on historical climate hazards
in Sri Lanka is another extremely important
requirement for the country in order to facilitate
reliable future assessments on climate vulnerability.
Central to any research on CC is the need for data
sharing and cooperation among different
stakeholder agencies. The Water Resources
Board, which already has the mandate to act as
the leading coordinating authority in Sri Lanka’s
water sector, could play a pivotal role as the
central agency facilitating such research, including
maintenance of a data depository.
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