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considerable uncertainty associated with

Abstract— Reliable assessment of water availability
in ungauged catchments remains a major challenge
in regions where hydrological observations are
sparse. This study investigates the challenges
associated with modelling the ungauged
Kanakarayan Aru basin in northern Sri Lanka and
evaluates potential changes in surface-water
availability under a future climate. A conceptual
rainfall-runoff modelling approach was applied
using  parameters transferred from the
hydrologically comparable Kala Oya basin.
Historical meteorological data, including rainfall,
temperature, and evaporation, were compiled and
quality-controlled where possible. Future climate
conditions were represented using PRECIS
regional climate-model simulations driven by the
HadCM3 global climate model under the Al1B
emissions scenario for 1960-2099. PRECIS rainfall
was adjusted using a change-factor bias-correction
procedure before being used as input to the
rainfall-runoff model, while potential evaporation
was estimated from temperature using the
Thornthwaite method. The model estimated mean
annual  surface-water  availability in the
Kanakarayan Aru basin at approximately 289
million m?, equivalent to 28% of the estimated mean
annual precipitation of 1034 mm. Approximately
77% of the annual water yield occurred between
November and January, emphasizing the strong
seasonal concentration of runoff. The climate
simulations indicated a substantial increase in
temperature toward the end of the century, whereas
changes in precipitation were comparatively
uncertain. Modelled annual water availability
decreased from 276 million m* during 1960-1990 to
approximately 149 million m* during 2070-2099.
The reduction occurred despite a small increase in
projected annual precipitation and was primarily
associated with increasing temperature and
consequent increases in evaporative demand. The
findings demonstrate both the potential
vulnerability of water resources in the basin and the

hydrological prediction in ungauged catchments.
Improved hydrometeorological monitoring, direct
streamflow  observations, improved spatial
representation of rainfall, and multi-scenario
climate modelling are therefore required to support
robust long-term water-resources planning.

I. INTRODUCTION

Climate variability and climate change present
significant challenges for water-resources
management, particularly in regions where river basins
are poorly monitored. Sri Lanka exhibits substantial
spatial and temporal variability in precipitation
associated with the southwest monsoon, northeast
monsoon, and two intermonsoon seasons. Surface
runoff is an important component of water supply for
irrigation and other uses, while several rivers
experience very low flows during the dry season [1],
[2]. Consequently, changes in rainfall and temperature
may have direct implications for reservoir inflows,
irrigation reliability, and regional water security.

Previous studies of Sri Lankan climate have
identified warming trends and changes in rainfall

characteristics, although projections of future
precipitation have remained considerably more
uncertain than temperature projections [3]-[7].

Regional climate modelling provides an approach for
obtaining spatially finer climate information than that
available from global circulation models. PRECIS, a
regional climate modelling system developed by the
UK Met Office, has been applied to generate high-
resolution climate projections for South Asian regions

(81, [9].

The problem is particularly important in northern Sri
Lanka, where water resources are strongly dependent
on seasonal rainfall and irrigation infrastructure. The
Kanakarayan Aru basin covers approximately 896 km?
and supplies the Iranaimadu reservoir, an important
source of irrigation water in the region. The basin lacks
a sufficiently long and reliable streamflow record for
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conventional calibration of a rainfall-runoff model.
This creates a fundamental modelling problem: the
hydrological response must be estimated without
directly observed discharge data.

Prediction in ungauged basins is recognized as a
major challenge in hydrology because model
parameters cannot be reliably calibrated against
observed streamflow at the basin of interest [10].
Approaches based on parameter transfer from
hydrologically similar gauged catchments provide one
possible solution, although they introduce additional
uncertainty [11].

This study therefore addresses three related
questions: 1) whether a rainfall-runoff model
calibrated in a neighbouring basin can provide a useful
estimate of flow in the ungauged Kanakarayan Aru
basin; 2) how projected changes in temperature and
precipitation may alter surface-water availability; and
3) what data and methodological limitations constrain
the reliability of such estimates.

The objectives were to develop a rainfall-runoff
model for the ungauged basin using available
meteorological and ancillary information, estimate
present-day surface-water availability, assess projected
changes in rainfall and temperature, and evaluate the
implications of those changes for future water
availability

II. STUDY AREA AND DATA

A. Kanakarayan Aru Basin

The Kanakarayan Aru basin is located in northern Sri
Lanka and has a catchment area of approximately 896
km?, The river extends for approximately 70 km
through the Vavuniya, Mullaitivu, and Kilinochchi
districts. The basin lies within the dry zone and is
characterized by relatively flat terrain and seasonal
rainfall. Approximately 80% of annual rainfall in the
region occurs during the northeast monsoon period,
particularly between October and December.

The Iranaimadu reservoir is a major water-storage
facility associated with the basin and supports
irrigation in northern Sri Lanka. The regional
agricultural economy is strongly dependent on reliable
seasonal water availability. The basin therefore
represents an important case for evaluating the
implications of climate variability and change in an
ungauged environment.

B. Hydrometeorological Data

Rainfall ~observations were available from
Iranaimadu and Vavuniya, while temperature data
were obtained from Vavuniya and evaporation
observations from Mahaillupallama. The available

records contained missing observations and incomplete
years, particularly for evaporation. Historical rainfall
observations at Iranaimadu extended over a long
period, although gaps were present. Temperature and
evaporation datasets also required filling or adjustment
before use.

The study additionally used discharge data from the
Rajangana subbasin of Kala Oya to derive rainfall-
runoff model parameters for subsequent transfer to the
ungauged Kanakarayan Aru basin. The use of a
neighbouring gauged basin was necessary because an
adequate discharge record was unavailable for
Kanakarayan Aru.

C. Climate Data

Future climate information was obtained from
PRECIS regional climate simulations driven by the
HadCM3 global climate model under the AIlB
emissions scenario. The simulations covered 1960—
2099. Both annual and seasonal precipitation and
temperature were examined. The four Sri Lankan
rainfall seasons considered were the first intermonsoon
(IM1), southwest monsoon (SWM), second
intermonsoon (IM2), and northeast monsoon (NEM).

1. METHODOLOGY

A. Rainfall-Runoff Modelling

A conceptual rainfall-runoff modelling framework
was adopted to represent precipitation, interception,
soil-moisture accounting, effective rainfall, and runoff
routing. The approach was selected because conceptual
models can represent key hydrological processes while
requiring fewer spatially distributed observations than
fully physically based models [12].

Because Kanakarayan Aru was ungauged, model
parameters were derived from the gauged Kala Oya
basin using a constant-parameter transfer approach.
The rainfall-runoff modelling tool was calibrated
against available discharge observations from Kala
Oya, and the resulting parameters were transferred to
Kanakarayan Aru.

The optimized parameters included soil-moisture
accounting and routing parameters. The manually
adjusted values included a root constant of 140 mm,
initial deficit of 115 mm, fast-flow residence time of
approximately 6 days, slow-flow residence time of
approximately 46.1 days, and a fast-flow proportion of
0.008. The selected soil-moisture parameter was
consistent with the reported field-capacity range for the
dominant Reddish-Brown Earth soils.

B. Representation of Interception

Interception was considered because approximately
40% of the catchment was reported as forested. Since
the rainfall-runoff model did not contain a dedicated
interception module, a simple conceptual interception
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component was proposed. The model assumed a
minimum rainfall requirement of 1.5 mm to wet the
canopy and a canopy storage capacity of 0.7 mm. The
resulting throughfall was subsequently supplied to the
soil-moisture accounting component.

C. Climate-Data Adjustment

The raw PRECIS precipitation and temperature
outputs were first compared with observations for the
historical period. Because discrepancies existed
between simulated and observed precipitation, a
change-factor approach was used for bias correction.
The corrected precipitation was calculated as:

_ Oobs. _ (1)

Xcorr = Uobs T P (Xmod .umod)

mod

where X ,.is the corrected climate-model variable,
Xmogis the raw model output, and pand odenote the
mean and standard deviation of the observed and
modelled historical datasets.

The corrected PRECIS precipitation and temperature
were subsequently used as inputs to the rainfall-runoff
model. Potential evaporation was estimated from
temperature using the Thornthwaite method.

D. Climate Change Assessment

The 1960-2099 PRECIS simulations were divided into
five periods to facilitate comparison:

1. 1960-1990;
2. 1990-2020;
3. 2020-2050;

4. 2050-2070; and
5. 2070-2099.

The analysis examined changes in annual and
seasonal precipitation and temperature. The bias-
corrected climate series were then propagated through
the rainfall-runoff model using the same soil and
routing parameters as those transferred from Kala Oya.

IV. RSULTS

A. Rainfall-Runoff Model Performance and
Present Water Availability

Temperature exhibited a much stronger and more
consistent projected trend than precipitation. The
annual mean temperature from the PRECIS simulation
increased substantially toward the end of the century.
For the 1960-1990 baseline period, the mean
temperature was approximately 27.2 °C. By 2070-
2099, the projected mean exceeded 30 °C, representing
an increase of approximately 3.3 °C. Seasonal analyses
also indicated substantial warming, particularly during
the NEM and IM2 seasons.

The annual temperature series showed a linear-fit
R?of approximately 0.83, while seasonal temperature
fits also indicated substantial relationships between
In contrast, precipitation
exhibited very low R?values, demonstrating that linear
regression provided little explanatory power for its
temporal variability.

time and temperature.

B. Projected Precipitation

Changes in projected annual precipitation were
comparatively small and uncertain. The thesis reported
approximately 2.5% higher annual precipitation during
2070-2099 relative to 1960-1990. However, seasonal
changes varied considerably, including reductions in
SWM and NEM rainfall during some future periods
and increases during IM2.

The results therefore did not provide strong evidence
for a systematic change in annual precipitation. This
contrasts with the much clearer projected warming

signal.

C. Projected Surface-Water Availability

The principal climate-impact result was a reduction
availability  despite
relatively limited change in annual precipitation. Table
I summarizes the modelled results.

in modelled

surface-water

The principal climate-impact result was a reduction
availability  despite
relatively limited change in annual precipitation. Table
I summarizes the modelled results.

in modelled

surface-water

TABLE L PROJECTED CLIMATE AND SURFACE-
WATER AVAILABILITY
Annual Wa?:er o Runoff
. . availability . Temp.

Period | Rainfall s ratio o

(mm) (million (%) ©O)

m?)

1960—
1990 1386 276 22 254
1990-
2020 1388 253 20 259
2020-
2050 1361 200 16 27
2050-
2070 1510 214 16 279
2070-
2099 1431 149 12 29.4

The modelled annual water availability declined
from 276 million m? during 1960—1990 to 149 million
m?* during 2070-2099. The runoff ratio decreased from

22% to 12%.

The thesis attributes this reduction

primarily to increasing temperature and associated

increases in evaporative demand.

The projected reduction in available water is
particularly relevant because the Iranaimadu reservoir
was reported to require approximately 148.1 million m?
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for irrigation under the development scenario
considered by the thesis, while the proposed water-
supply project required an additional 9.85 million m?
annually. The thesis also cited an estimated irrigation
demand of 181.5 million m? for the basin.

V. DISCUSSION

A. Implications for an Ungauged Basin

The results demonstrate that a rainfall-runoff model
based on parameter transfer can provide a first-order
estimate of surface-water availability in an ungauged
basin. However, the approach should not be interpreted
as equivalent to calibration against observed
streamflow within Kanakarayan Aru.

The estimated present-day annual runoff of 289

million m* was reasonably close to the independent
Water Resources Board estimate of 317.5 million m°.
When the modelled rainfall was adjusted to the rainfall
used by the Water Resources Board estimate, the
difference between the two estimates was
approximately 14.1%. This provides some external
support for the magnitude of the modelled result, but it
does not remove the structural and observational
uncertainties associated with the model.
The study therefore illustrates an important trade-off in
ungauged-basin modelling. Parameter transfer enables
hydrological estimation where direct calibration is
impossible, but the transferred parameters implicitly
assume sufficient hydrological similarity between the
donor and target basins.

B. Climate-Change Signal

The dominant projected climate signal in the study is
warming rather than a robust change in annual
precipitation. This finding is consistent with the
broader literature reviewed in the thesis, which
generally indicated greater confidence in projected
temperature increases than in precipitation changes
over Sri Lanka [3]-[9].

The projected reduction in runoff despite relatively
modest changes in precipitation demonstrates the
importance of considering temperature-driven
evaporative demand in water-resource assessments.
Under the model assumptions, increasing temperature
reduced the proportion of precipitation converted into
runoff.

The results also highlight the importance of
seasonality. Approximately 77% of annual water yield
occurred between November and January under the
historical assessment. Consequently, changes affecting
these months could have disproportionate implications
for annual reservoir inflow and water availability.

C. Water-Resources Implications

The projected reduction in water availability is
particularly relevant to an agricultural region
dependent on seasonal storage. The modelled
availability of 149 million m*® during 2070-2099 is
approximately 46% lower than the 276 million m?

estimated for 1960—1990. This magnitude of reduction
would have important implications for irrigation
reliability if the modelled scenario were realized.

The comparison with reported irrigation and proposed
domestic water requirements indicates that future water
demand and supply should be evaluated jointly. The
thesis therefore emphasizes the need for improved
water-resources information and investigation of
alternative management options rather than relying
solely on historical hydrological conditions.

D. Uncertainty and Limitations

Several limitations constrain interpretation of the
results.

First, the Kanakarayan Aru basin lacked an adequate
streamflow record for direct calibration and validation.
Model parameters were transferred from Kala Oya,
meaning that uncertainty associated with the donor
basin is propagated into the target-basin estimates.
Second, the calibration and validation periods available
for the donor catchment were relatively short and did
not adequately represent all seasons. The thesis
specifically identifies this as an important limitation.
Third, the hydrological model assumed catchment
homogeneity despite spatial variability in soil,
vegetation, rainfall, infiltration, and evaporation. The
dominant Reddish-Brown Earth soil was used as a
representative soil condition.

Fourth, the observed meteorological datasets
contained missing values and required modification.
Consequently, uncertainty in the observed data may
have been transferred into the bias-corrected PRECIS
series.

Fifth, the PRECIS output exhibited problems in
seasonal representation. The thesis also reported that
bias correction and randomization could produce
unrealistic extreme daily rainfall values, including
simulated values exceeding 900 mm d!, while the
historical maximum was below 400 mm d'. This
illustrates the potential for statistical adjustment
procedures to introduce unrealistic extremes.

Finally, the future simulations assumed that land
use, soil conditions, and irrigation practices remain
unchanged. Such assumptions are unlikely to represent
all future socioeconomic and land-management
changes and therefore add structural uncertainty to the
projections.

These limitations mean that the projected values
should be interpreted as scenario-based model
estimates rather than deterministic forecasts.

E. Research and Monitoring Priorities

The study identifies several measures that would
substantially improve future assessments. These
include transforming point rainfall measurements into
spatially representative areal rainfall, incorporating
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interception explicitly into the rainfall-runoff model,
obtaining Iranaimadu reservoir spill data, and installing
streamflow gauges in the Kanakarayan Aru channel.
The thesis further recommends evaluating multiple
climate scenarios rather than relying on a single A1B
projection. Such an approach would provide a broader
representation of climate uncertainty and allow the
sensitivity of water availability to different emissions
pathways to be examined.

VI. CONCLUSION

This study investigated the feasibility of estimating
surface-water availability and climate-change impacts
in the ungauged Kanakarayan Aru basin in northern Sri
Lanka. A conceptual rainfall-runoff model using
parameters transferred from the gauged Kala Oya basin
provided an estimated mean annual surface-water
availability of approximately 289 million m3,
corresponding to 28% of the estimated mean annual
precipitation.

The analysis demonstrated a pronounced seasonal
concentration of runoff, with approximately 77% of
annual water yield occurring between November and
January. This seasonal dependence is important for
reservoir operation and irrigation planning.

The climate-change assessment indicated a
substantially stronger and more consistent warming
signal than precipitation signal. Although projected
annual precipitation showed only modest changes, the
increase in temperature resulted in declining modelled
runoff and surface-water availability. Under the
AI1B/PRECIS scenario, estimated annual availability
decreased from 276 million m* during 1960—1990 to
149 million m* during 2070-2099, while the runoff
ratio declined from 22% to 12%.

The study consequently demonstrates that

assessments of future water resources in northern Sri
Lanka cannot rely solely on projected precipitation.
Temperature-driven changes in evaporative demand
can substantially alter runoff even where annual
precipitation remains relatively stable.
Nevertheless, the magnitude of the projected reduction
is subject to considerable uncertainty because of the
absence of direct streamflow observations, transfer of
parameters from another catchment, incomplete
meteorological data, simplified representation of
catchment processes, uncertainty in climate-model
precipitation, and assumptions concerning future land
use and water management.

Future research should therefore prioritize long-term
streamflow monitoring in Kanakarayan Aru, improved
spatial rainfall measurement, incorporation of reservoir
operation and spill observations, explicit representation
of interception and other hydrological processes, and
ensemble climate modelling using multiple climate
scenarios. These improvements would provide a
stronger basis for assessing the resilience of northern

Sri Lanka's water resources under future climate
condition.
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