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Towards Resilience: Integrating Climate Change Impacts into Water Resource
Management in the Malwathu Oya Basin, Sri Lanka

R.D.T. Kaushalya

Abstract: The Malwathu Oya Basin in Sri Lanka is a vital resource for the country's
agricultural production and economic sustainability. However, it faces challenges such as
frequent flooding and droughts due to climatic variations. This study adopts an integrated
approach to address these issues, incorporating climate change analysis, hydrological
modeling, dam operational analysis, and disaster risk reduction assessment. Future climate
projections indicate increased vulnerability to extreme hydro-meteorological disasters. A
water energy budget-based rainfall-runoff inundation (WEB-RRI) model was developed to
assess hydrological responses, revealing potential flood risks downstream, while
socioeconomic analysis projects substantial increases in building and agricultural damage.
Dam operational analysis focuses on managing reservoir storage to transfer flood risks and
address flood and drought conditions. Policy recommendations advocate stakeholder
collaboration, balanced reservoir operations, modernized irrigation practices, and
establishment of disaster management guidelines to enhance resilience in the Malwathu Oya
Basin. The study provides a comprehensive framework for an integrated water resource
management (IWRM) plan, supporting evidence-based decision-making for a resilient and
sustainable future.

Keywords: Climate change, flood and drought, WEB-RRI, dam operational management,
IWRM

Introduction

The Malwathu Oya Basin, the second-largest river basin T ._/

. . . A

in Sri Lanka, encompasses approximately 3,246 km? of R e
land as shown in Figure 1. Serving as a crucial water — sesenm @SSRS
source in the dry zone, it sustains various essential s

functions, including agriculture, industry, and
environmental preservation. Despite its significance, the
basin faces recurring challenges of flooding and drought,
exacerbated by climatic variations. This study aims to
address these issues holistically, proposing an integrated
water resource management plan to enhance resilience in A
the face of climate change. "
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Figure 1: Malwathu Oya Basin.
Methodology

Various data, including daily rainfall, discharge, flood inundation extent, land use,
population, and economic data, were obtained from relevant government organizations.
Topographic and global land-use data were sourced from the United States Geological
Survey archives, and soil type distribution data were extracted from the Food and Agriculture
Organization archives.

The study adopts an end-to-end approach integrating four key components namely: climate
change analysis, hydrological modeling, dam operational analysis, and disaster risk reduction
assessment. The research framework illustrated in Figure 2 provides evidence-based
information for policymakers, bridging scientific, engineering, and socioeconomic
considerations.
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(i) Climate change analysis: Appropriate General Circulation Models (GCMs) were chosen
considering complex interactions between atmospheric, oceanic, and land surface processes
to accurately represent the regional climate dynamics of the Malwathu Oya Basin.
Downscaling techniques were employed to refine coarse-resolution GCM outputs to a finer
spatial scale relevant to the basin. Bias correction methods were applied to ensure the
reliability and accuracy of the projected climate data, using historical observations as
reference points.

(i1) Hydrological modeling: The Water-Energy Budget-based Rainfall Runoff-Inundation
(WEB-RRI) software, developed by Rasmy et al. (2019), was utilized to construct a
hydrological model tailored to the specific characteristics of the Malwathu Oya Basin. This
model integrates water and energy balance equations to simulate rainfall-runoff processes and
inundation dynamics within the basin. Model outputs from the hydrological simulations were
employed to conduct socioeconomic damage assessments to evaluate the impact of extreme
climatic events on crop and building infrastructure within the basin. Exposure assessments
were conducted to quantify the population vulnerable to flood hazards, both in past events
and under future climate scenarios.

(ili)Dam operational analysis: An analysis of dam operations was undertaken to optimize
the management of the Nachchaduwa reservoir storage to balance flood and drought water
management requirements while maximizing economic benefits. A crop model was
developed to identify suitable agricultural patterns during dry years, considering the
availability of water resources and irrigation infrastructure. This modeling exercise aimed to
optimize agricultural water use efficiency and enhance resilience to drought conditions.

(iv) Disaster Risk Reduction Analysis: Using the Pressure and Release (PAR) model
framework developed by Wisner et al. (2004), a vulnerability assessment was conducted to
identify key wulnerabilities and informed the development of targeted strategies for
mitigating flood and drought impacts. Based on the research findings and insights derived
from the vulnerability assessment, appropriate policy recommendations were formulated to
support evidence-based decision-making. These recommendations aimed to enhance disaster
risk reduction efforts and strengthen the basin's resilience to climate-related hazards.
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Results

(i) Climate Change Analysis: This study investigates the variations in past and projected
future climatology within the Malwathu Oya Basin to assess the likelihood of extreme
climatic events occurring in the period from 2050 to 2075. Utilizing suitable GCMs including
ACCESS1.3, CMCC-CESM, CNRM-CM5, CanESM2, and GFDL-ESM2G, climatic data
were downscaled and bias-corrected to accurately represent the basin's climatic conditions.
The impact of climate change on mean annual and North East Monsoon (NEM) rainfall was
analyzed, revealing a likely increasing trend in the future. Subsequently, the study assessed
the effect of climate change on future rainfall extremes and droughts using four precipitation
indices: the annual average occurrence of wet days, dry days, rainy days exceeding 50 mm of
daily rainfall, and non-rainy days. The results indicate a projected increase in medium and
long wet spells and extreme rainfall events in the future, alongside a virtually certain increase
in short, medium, and long dry spells. Conversely, a decrease in the annual average
occurrence of non-rainy days suggests a reduction in frequent water shortages during the dry
season, coupled with prolonged dry spells.

(i1) Hydrological modeling: The WEB-RRI model was developed to assess the hydrological
responses within the Malwathu Oya Basin. Calibration of the model was executed by
considering the natural river flow conditions and the operational dynamics of the
Nachchaduwa and Mahakanadarawa reservoirs as boundary conditions. Validation of the
model was conducted utilizing observed discharge data from the years 2008 and 2014,
ensuring its accuracy and reliability. In addition, the inundation extent produced by the model
was validated against a ground-surveyed flood map from the 2011 event. The validation
process yielded a critical success index of 0.782, affirming the model's ability to accurately
simulate inundation dynamics within the basin. Furthermore, the model exhibited agreement
with observed base and peak discharge data, as illustrated in Figure 3.
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Figure 3: Comparison of observed and simulated discharges for (a) model calibration
considering natural river flow conditions and (b) considering dam operations. (c and d)
Model validation for years 2008 and 2014 (e) inundation validation using ground

surveyed flood map for 2011 event.



Subsequently, the WEB-RRI model was employed to derive the all-time maximum
inundation depth for both past and future extreme climates, as illustrated in Figure 4.
Analysis of model outputs indicated a consistent increase in future inundation extent across
all models, with projections estimating a 30% to 40% increment compared to historical
inundation events.

Legend
+ CMCC-CESM (Future)

Legend
CRNM-CMS (Future)

Legend
Past Extreme Flood (2014)

Legend

Floo: th (m GFOL-ESM2G (Future)
‘1 Fiood Depin m) o d:t:’.,:,,(. : Flood Depth (m)
= - ;= =
- - =32 o
o= B == =

Figure 4: All-time maximum flood depth cdrres'ponding‘to (é) past extreme (b) |
CMCC-CESM (c) CRNM-CM5 (d) GFDL-ESM2G future scenarios.

(iif)Socioeconomic Damage Analysis:

e Building Damage Assessment: Utilizing Microsoft building footprints, damage factors,
and pertinent economic data, a comprehensive assessment of building damage was
conducted. Flood-affected buildings were categorized as partially damaged if flood depths
ranged between 0.3 and 3 meters, and fully damaged if exceeding 3 meters. Economic losses,
encompassing both building and content damage, were calculated. Notably, the estimated
losses were found to align favorably with actual annual average flood damage reported in
CRIP (2019), affirming the reliability of the assessment. Projections under extreme future
conditions suggest a notable increase in building damage, with the GFDL-ESM2G model
projecting a maximum damage of Sri Lankan Rupees (LKR) Billion 6.64.

e Agricultural Damage Assessment: This assessment focused on the paddy as the
predominant crop type within the basin, which typically reaches the mid-growth stage during
the flood season. Damage classification considered flood depths ranging from 0.3 to 0.9
meters for partial damage, and exceeding 0.9 meters for full damage. Economic losses
associated with agricultural damage were calculated and compared against historical
averages, demonstrating reasonable agreement. However, under projected extreme future
conditions, agricultural damage is anticipated to double, emphasizing the heightened
vulnerability of agricultural systems within the Malwathu Oya Basin.

(iv)Dam Operational Analysis: The analysis of reservoir storage management strategies for
the Nachchaduwa reservoir aimed for addressing both flood and drought conditions. Using
the reservoir data from the 2014 flood event and assuming the receipt of accurate
meteorological forecasts three days prior to extreme rainfall, a comprehensive reservoir
storage management rule was developed. This rule entails pre-releasing reservoir storage
from 0% to 100% in 20% increment levels before flood events, followed by refilling to the
Full Supply Level (FSL) post-flood. The analysis underscores the potential for significant

4



reduction in flood depth, particularly in urban downstream areas, when pre-release quantities
exceed 60% of reservoir capacity.

(v) Flood Mitigation Strategies: Exploring the possibility of diverting excess floodwater to
mitigate urban flood risk emerged as a flood management strategy. Two diversion scenarios
were examined: diverting 50-100 m3/s and 100-150 m?3/s of water from the Nachchaduwa
reservoir, commencing three days pre-flood event. To facilitate this strategy, enhancements to
existing diversion infrastructure from Nachchduwa to the Nuwarawewa reservoir are
necessary. The diverted water can be subsequently channeled back to the Malwathu Oya
Basin after traversing Anuradhapura city limits. Additionally, excess floodwater diversion
into Giants Tank and Akatimuruppu reservoirs in highly water-stressed regions was
proposed, contributing to Integrated Water Resource Management (IWRM) in the basin.

(vi)Water Management Assessment using Crop Model: A crop model was developed to
assess suitable crop patterns during dry years, considering Nachchaduwa reservoir storage
and irrigable area. The analysis revealed that during the Maha cultivation season (October to
February), benefiting from North East Monsoon rainfall, 100% paddy cultivation is viable.
Conversely, the Yala cultivation season (April to July), often experiencing water deficiency
during dry years, prompted the analysis of three probable crop options: 100% paddy, 100%
green gram, and 50% paddy + 50% green gram. Remarkably, 100% green gram cultivation
emerged as the most favorable pattern during dry years, offering an 11% increase in the
economy compared to conventional paddy cultivation.

(vii) Disaster Risk Assessment and Policy Recommendations: A vulnerability
assessment using the Pressure and Release (PAR) model was conducted to develop suitable
policy recommendations. These encompass stakeholder collaboration for disaster
management, development of balanced reservoir operational rules, adoption of modernized
irrigation practices, capacity and infrastructure development, enactment of regulations to
protect flood reservation zones, and formulation of guidelines for disaster management.
These recommendations serve as crucial pillars for enhancing resilience and promoting
sustainable water resource management in the Malwathu Oya Basin.

Discussion

The Malwathu Oya Basin is vital for Sri Lanka's agricultural and economic sustainability,
underscoring the critical importance of effective water resource management. Through a
comprehensive end-to-end approach encompassing scientific, engineering, and
socioeconomic assessments, this study has yielded evidence-based insights crucial for
formulating policy recommendations of IWRM.

Climate change analysis has shown an increasing trend, projecting an increased vulnerability
of the basin to extreme future rainfall events and prolonged dry spells. These projections
necessitate urgent proactive measures to mitigate potential flood risks and address water
shortages. Hydrological modeling has further certified these findings by highlighting a
significant increase in future downstream inundation extent, indicative of future flood
hazards. Such revelations underscore the requirement of comprehensive flood management
strategies. Socioeconomic damage analysis has projected substantial increment in building
and agricultural damage under extreme future conditions. This highlights the urgency for pro-
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active actions to minimize adverse impacts on livelihoods and economic stability. The
proposed dam operational strategies offer sustainable solution for addressing flood and
drought conditions effectively. By pre-releasing and diverting excess floodwater to less
urbanized areas, the risk of flooding in densely populated regions can be mitigated while
ensuring optimal utilization of water resources in water-stressed areas. Additionally, the
assessment of suitable crop patterns during dry years emphasizes the pivotal role of adaptive
water management practices in ensuring agricultural sustainability amidst changing climatic
conditions.

In conclusion, this study advocates for the implementation of robust policy recommendations
derived from the research findings. Strengthening climate change mitigation and adaptation
measures and enhancing IWRM in the Malwathu Oya Basin are paramount for fostering
resilience and sustainability. Through intensive efforts and decisive actions, the basin can
strengthen its water resource management capabilities, effectively navigate climate change
challenges, and move towards a more resilient and sustainable future.
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Assessment of Flow Behavior of Proposed Spillway of Elle Wewa Reservoir Project in
Rathnapura Division / Colombo Range of Irrigation Department

H.M.P.M.Hitihamu*, A.D.S.Gunawardana

prasalO24@gmail.com

1. Introduction

Irrigation department is the pioneer organization which holds the responsibility of
providing irrigation waters to Sri Lanka’s irrigation lands. Planning, designing and
construction of new irrigation headworks is one of the main tasks of the department when
considering water resources development. Department consists of various specialized
branches which assist in each and every step-in planning, designing and construction
phases of any new irrigation infrastructure. Hydraulics research laboratory plays an
important role in that regard, by facilitating testing the behaviour of physical models of
hydraulic structures such as spillways, anicuts etc. The significance of testing the
behaviour of the spillway is to check proper functioning as assumed in the design stage to
ensure dam safety. Even if the design is straight forward, investment being so high,
performance verification tests are carried out in scale models before committing public
funds. Literature gives evidence that main reason for dam failures is due to inadequacy of
the spillway or improper operation of the spillway.

Exactly who first realized the utility of a hydraulic model is unclear. However, according
to the available literature the first concept of simulation of prototype and model scale
velocities and forces was proposed by Farninand Reech, a professor of mechanics, School
of Marine Engineering, Paris in around 1852[1]. With the advancement of technology,
numerical models such as Computational Fluid Dynamic (CFD) models have come in to
the picture and is being widely used in the world. Even though the physical model allows
to observe the flow characteristics, it is time consuming which needs a considerable effort
to re-build the model and also incur a cost factor when there are alternative design
options. It arises the importance of having numerical models which permit to simulate
different design alternatives with lesser hassles. Once the best alternative is finalized with
the numerical model, it can be followed by the physical hydraulic model. However, it is
important to note that it is mandatory to finalize the structure by investing the hydraulic
behavior of a physical model before going to the construction phase.

In this paper, comparison of Hydraulic Physical Model with a Numerical Model of a
spillway of ongoing project; “Elle Wewa Reservoir” is discussed giving more emphasis to
explain CFD simulation.

1.1 Design Details of the Ellewewa Spillway

Elle Wewa is an ongoing reservoir project that is being built across Kadigam Ara, located
within the Walawe Ganga basin in Rathnapura division, Colombo range. The spillway is
an ogee shaped free overfall which flows into a trapezoidal side channel and which
directs water to a rectangular shaped chute while going through a transition. Finally, the
chute ends by directing water to a natural pool. The ogee spillway consists of a curve in



plan to accommodate required spill length as the space is restricted in the site location.
The plan view and the elevation of the spillway is given in Figure 1.
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Figure 1: (a) Plan View, (b) Sectional View of Ogee Spill with Side Channel and
the Chute

The main features of the spillway are as follows.

The spill design discharge for 100 year return period  : 34.8 m®/s

The length of the spill :322m
The length of the chute : 114 m
The elevation drop of the chute : 1754 m



1.2 The Physical Hydraulic Model

During the design phase of the spillway, a physical model has been built in the Hydraulics
Research Laboratory of the Irrigation Department. The scale of the model is determined
by the capacity of flow rate of the laboratory facility. The capacity of the HRL of the
Irrigation Department is 4 cusec (0.11 m%/s). Considering Froude Similarity, relationship
between model parameters and prototype parameters can be determined and are given
below. The flow over the spillway is supplied by means of a weir using hydrant system
available in the Hydraulics Laboratory.

Scale :1:12
Velocity :Vp =3.47V where V, - prototype velocity, Vi, - model velocity
Discharge Qn : 0.069 m*/s, where, Qn - model discharge

1.2.1 The Significance of Physical Model Tests
By building physical model following parameters are observed

a) Any turbulence in flow pattern

During the design phase the flow is assumed as one dimensional flow. However, in reality
the flow has three dimensionally varied parameters due to the geometry (unsymmetrical
and curve shapes of the ogee and the side channel in plan view). Therefore, it is important
to observe any turbulence/ vortex, secondary flows etc. and make necessary amendments
to the structure to eliminate such issues.

b) Water Surface Profiles

It is very much important to get the water surface profile at cross sections along the entire
flow path to ensure uniform flow over the cross section of the side channel and the chute.
From these observations it is possible to check whether the free board is sufficient at the
side channel and the side walls of the chute.

c) Velocity Profiles

The velocity distribution along the side channel, transition and the chute are measured
and the Froude numbers are calculated and it is possible to determine the flows are
subcritical or supercritical. Hence it is important to ensure that there is no occurrence of a
hydraulic jJump within the structure.

d) Pressure Measurements
Pressure measurements along the side channel and the chute are measured and ensure no
negative pressures are created to ensure no cavitation of the bed.

e) Flow Pattern
It is required to observe flow patterns hence it is possible to check the uniformity of the
flow, if not some improvements can be proposed by accommodating guide walls.



1.3 The Numerical Model

A three-dimensional CFD model (Figure 2) was developed using ANSYS CFX software
which solves three dimensional Navier- Stokes equations which are based on principle of
continuity of mass, momentum and energy.

6.000 (m)
L EEE— [ ESS—
; 4.500

Figure 2: Numerical Model and Physical model for Elle Wewa Spillway

2. Methodology

The basic workflow of ANSYS CFX software is as depicted in Figure 3.

Geometry generation Meshing Solver CFD Post

Figure 3: Basic Workflow of ANSYS CFX

The geometry of the interested fluid domain was created as realistically as possible to
match the dimensions used in the physical model in the hydraulics laboratory using
SOLID WORKS 2016 software. Then, the fluid volume, which is the computational
domain, was imported to ANSYS CFX 17.2 to develop the CFD model.

The mesh was generated using tetrahedron elements having mesh size of 0.018 m, after
conducting a mesh independency test for 0.04m, 0.03m, 0.02m, 0.018m and 0.015m mesh
sizes (Figure 4).
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Figure 4: Mesh Generated in ANSYS CFX

As the boundary conaruons, mass TIow rate 0T bY Kg/s was specitied at the upstream inlet
with turbulence intensity of 1%. Downstream was defined as a pressure boundary. Open
boundary conditions was applied to the top surface which was also considered as a
pressure boundary. No-slip condition with equivalent roughness height of 5 mm (for
concrete) was applied as the boundary condition at the bottom surface and walls of the
channel (Figure 5).

Outle ‘J\
o 2500 S.D(X: {m) Zi *

1.250 3.750

Figure 5: Model after assigning Boundary Conditions

As the turbulence model, k — ¢ turbulence model was used as this model has been proven
as the best by many of the researchers. The simulation was run under steady state
conditions as a standard free surface flow until the convergence criterion of 0.0001 was
achieved.
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2.1 Model validation

Using the water depth values measured in physical model at Hydraulics Research
laboratory, CFD model was validated. Figure 7 compares the water depth profiles of
CFD model and the physical model obtained along the side channel at cross sections A,
B, C and D which are 20 cm, 40 cm, 100 cm and 120 cm distances respectively away
from the beginning of the spillway as shown in Figure 6(a). Water depths within the cross
section was measured at 10 cm intervals at the ogee and the side channel sections as
shown in Figure 6(b).

Water profile elevation values together with bed elevations along the chute is compared
in Figure 8. ' i ' '
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Figure 7: Measured and Computed Water Surface Profiles at each Cross Section
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Measured and computed water profile along the rectangular
chute
80
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—8—Bed elevation  —®&— Measured water surface ~—CFD Results

3. Rnrlee
Figure 8: Measured and Computed Water Surface Elevations along the Chute

Wate
kinetic energy variation can be obtained as the results (Figure 9) of the CFD model once
it is validated.

Figure 9: CFD results: Water Depths and Velocity Contour Plots

According to the velocity results of the CFD model, the maximum velocities around 5.7
m/s are occurring towards the end of the chute which will result 19.8 m/s value in the
prototype.

Figure 10, 11 and 12 show the velocity plots obtained at several cross sections of side
channel, transition and the chute respectively. After calculating the Froude Numbers, it
was depicted that, the flow remains sub critical along the total length of the side channel
as well as the transitional length. The subcritical flow which enters to the chute channel
becomes super critical somewhere at the mid of the channel creating higher Froude
Numbers greater than 5, towards the downstream end of the chute.
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(@) (b)

Figure 10: Velocity plots obtained in side channel section at (a) 40 cm and (b) 120 cm
distance measured along the spillway

(@) (b) (©)

Figure 11: Velocity plots obtained in transitional section at (a) 40 cm, (b) 80 cm and (c)
120 cm distances measured from the start of the transition

(b)

Figure 12: Velocity plots obtained in chute, near to (a) start, (b) middle and (c) end of the
channel
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4. Discussion

The testing of physical model at the Hydraulics laboratory is being carried out and the
results available up to now from the model study are the water surface profiles which has
been used to validate the model as stipulated in the above section 2.1. The results of the
physical model and the CFD model has a good agreement as given in Figure 7. However,
Figure 8 shows some deviation of the water elevation at the upper portion of the chute
and it is required to investigate further before arriving in any conclusion.

Once the velocity measurements from the physical model are taken, it is planned to
compare the velocities with the CFD model and the theoretical values. Further,
comparison of Froude numbers can be done accordingly. After obtaining all necessary
observations from the physical model, it will be decided to make any improvements of
the spillway if required.
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Classification of Sri Lanka into Meteorologically Homogeneous Regions
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Abstract: This study exemplifies the regionalization of Sri Lanka into meteorologically
homogeneous regions. The rain gauge stations established in Sri Lanka have not been
continuously established across the country and are very limited. Rain gauges are high in wet
zone areas and low in other areas. Very few rain gauges were established in the northern part
of the country. Therefore, meteorologically homogeneous regions are important for flood
frequency analysis, and regional intensity duration frequency curves. Regional analysis
provides important precision rather than single or geographically close locations. Sri Lanka
has been classified into meteorologically homogeneous regions using the Words cluster
analysis, discordancy measure and heterogeneity measure. In the context of this study, total
precipitation data of 352 stations operated by the meteorological and irrigation departments
have been used for cluster analysis. Initially, Sri Lanka was classified into 6 regions using
rainfall indices of mean annual rainfall, annual maximum mean rainfall, southwest monsoon
mean rainfall, northeast monsoon mean rainfall of the daily recorded 352 stations and 3 -hour
and 6-hour intensity for the 5-year return period of 50 number of hourly recorded rain gauge
stations along with the latitude, longitude and altitude. The discordancy of the clustered 6
regions was analysed by discordancy measure. Subsequently, the heterogeneity of the non-
discordant regions was examined by the heterogeneity measure. initially developed 6 regions
were regrouped to form meteorologically homogeneous 11 regions which satisfied the non-
discordant and heterogeneity criterion. Finally, Sri Lanka has been classified into 11
meteorologically homogeneous regions. The homogeneous regions can be used to conduct
frequency analysis and regional studies related to the tank cascade systems.

Keywords: Cluster analysis; Discordancy; Heterogeneity; Homogeneous region

Introduction

Sri Lanka is a pier-shaped island in the Indian Ocean, south of the Indian peninsula. Sri
Lanka is a hydrologically diversified country with 103 major river basins. In this study, 352
rain gauge stations were selected to cover the entire country.

Data used

In this study, 352 rain gauge stations were selected to cover the entire country. The Table 1
shows the details of the data.
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Table 1- Data used for the study

Average Data

Period Rainfall Data type Source No of Stations
1960-2020 Daily ID & MD 352
1980-2020 Hourly 21D9§31) MD 50

Methodology

Daily and hourly data was screened before using the data for the study by applying outlier
check, F test, T test and Mann Kendal test. Then rainfall indices were extracted from the rain
gauging stations to apply the Ward’s cluster algorithm. Finally clustered regions were tested
by applying discordancy and heterogeneity measures. Step by step methodology is shown in
the Figure 1. Table 3 gives the rainfall indices used for the study along with latitude,
longitude and altitude.

SUbJ.e.C“Y} Hierarchical clustering algorithm (Wards, 1963)
partitioning

—

If Discordant

‘“ o

Discordancy Assessment

(Hosking & Wallis (1993) If not satisfy
Objectively i o Heterogeneity
Testing
Heterogeneity Assessment ————

ifH 2nous

Meteorologically
Homogeneous Eleven Regions

Figure 1- Methodology Flow Chart
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Table 2- Rainfall indices used for the study

Number of

) Rainfall Characteristics
Stations

Mean Annual Rainfall (MAR)

Maximum Mean Annual Rainfall (MMAR)
Southwest Monsoon Mean Rainfall
(SMMR)

Northeast Monsoon Mean Precipitation
(NMMR)

3-hour intensity for 5-year return period
6-hour intensity for 5-year return period

211 stations

50 stations

Results and Discussion

By applying Ward’s cluster algorithm Sri Lanka was classified in to 11 meteorologically
homogeneous region. The identified regions depict the spatial distribution of the island rain-
fall variation. Figure 2 shows the identified meteorologically homogeneous regions.

79.,?"’ E 8();’ E S(J.?” E 81° E 81.?” E 1'52|C E

‘.‘,Hﬁﬁ‘; —\ — Hydrological regional boundaries
s ~‘~’:‘?‘. “("
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A PRE R v

4 Hourly rainfall recording gauges

F9.5° N

-9° N

F8.5° N

=8° N
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7 N

r6.5° N

F6° N

Figure 2- Meteorologically Homogeneous Regions
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Conclusion

The 11 meteorologically homogeneous regions identified through wards clus-ter analysis,
discordancy and heterogeneity measure can be extensively used for hydrometeorological
analysis, regional frequency Analysis etc. The latest historical data have been used for the
study and hence the regions depict the present meteorological spatial variation across the
island.
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ABSTRACT

Water resources managers or planners conduct studies to evaluate the feasibility of a water
resources development project before implementation. However, with the climate change
impacts and the increasing water demands, evaluating the feasibility of existing irrigation
schemes is also crucial for effective and efficient water management. The hydrological study
of the feasibility study of Lower Malwathu Oya reservoir was revisited in response to a
request to allocate 27.1 MCM per year for drinking water, replacing the previous request of
National Water Supply and Drainage Board to allocate 2 MCM per year which has been
made during the feasibility study in 2013. Accordingly, this study was carried out with the
recent GPS survey data of the irrigable area under Giant’s tank, observed river flow at the
nearest river gauging station at Kappachchi during the recent past 30 years and the forecast
future river flow series for Malwathu Oya under the Development of Basin Investment Plans
(DBIP) by the Climate Resilience Improvement Project (CRIP). During the study, a drastic
increase in the observed river flow at Kappachchi gauging station in the recent past observed
data was identified compared to the observed data used for the feasibility study. From the
analysis, it was found that there is a potential to increase the allocation for drinking water to
25.9 MCM per year.

KEYWORDS: - Climate change, River basin, Malwathu Oya, Feasibility study

1. Introduction

The demands for water are increasing with the | - |
. . - Giant’s Tank

needs of a growing population. For instance, water ;

requirements for agriculture, domestic and

industrial needs have been on the rise. On the other -
Akathimurippu

hand, climate change is negatively affecting water Tank &
resources management. Consequently, these .

factors are posing a great challenge to water Proposed Lower %%

resource managers and the relevant organizations. Malwathu Oya

The Irrigation Department (ID) being a main | "o

organization in managing the water resources of _ |
Sri Lanka faces challenges in fulfilling the AR
different needs of water with the limited capacity T

of the storages and various impacts of the
changing climate.

Lower Malwathu Oya Reservoir (LMR) has been
proposed across the Malwathu Oya River to T
minimize the impacts of floods in the lower basin ——
and to supplement the water requirement at the | . ,
Giant’s Tank (GT) scheme and Akathimuripu Tank Figure 1: Location map of the Lower
(AT) schemes situated downstream of Malawathu  Malwathu Oya Reservoir (Source — LMR
feasibility report — 2013)
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Oya (see Figure 1). In addition, 2000 acres of new agricultural lands have been proposed
under LMR. An annual allocation of 2 MCM of water has been considered annually based
on the allocation request of drinking water during the studies as mentioned in the
‘Feasibility report for Lower Malwathu Oya reservoir’ completed in September 2013 by the
Water Resources Planning Unit, Ministry of Irrigation and Water Resources Management
(hereinafter called LMR feasibility report - 2013).

Later, the National Water Supply and Drainage Board (NWSDB), requested 27.1MCM of
water annually from the Malwathu Oya Reservoir to cater for their present and future
domestic water requirements. At the same time, with the data of recent GPS survey
completed by the GIS branch, ID has found that the current available irrigable extent under
both GT and AT schemes has been increased from 30,680 to 37,393 Acres.

Therefore this study was carried out to quantitatively analyze the possibility of issuing 27.1
MCM of drinking water and addressing the increased irrigation water requirements under
present and future scenarios.

2. Methodology

Table 1: Seven Scenarios considered for
In the LMR feasibility report — 2013, the observed the reservoir operation study.

river flow data from 1950 to 1975 at the - - —
Ccenario DESCI‘I}]UD]]

Kappachchi river Gauging station has been used. LR feasibility tepott - 2013 Condiions,
The observation of river flow data had been |Case-a | Dataperiod: 1950 -1975

. . I s adopted: N
discontinued from 1975 and restarted only from provement aop e £

Before the construction of LMR.

2005. During this study the observed river flow |Case-b | Dataperiod: 1950 -1975
data from 2005 to 2016 were considered. lmprovements adopfed: Y es

After the construction of LMR

. . . . Case - ¢ | Data period: 1950 -1975
As the river flow at the dam location is a key input Tt veinsats sdopieds Y

parameter of the reservoir operation study, both the Adfter the construction of LMR with

increased drinking water without

present and paSt Observed rver ﬂOWS . at Case -d | compromising the irrigation success rate.
Kappachchi were compared and analyzed using Data period: 1950 -1975
H . : _ H Improvements adopted: Yes
three dlffer_ent me_thods. a. Rainfall-based ?nalysm, T AT RS T TR
b. Comparlson with the OUtpUtS of CRIP’s DBIP increased domestic water issue up to 27.1

i i Case-e | MCM.
study c. recommendation based on an available wtn et {85 1578

study for the river flow on a Runoff coefficient- Improvements adopted: Yes

based approach. After the construction of LMR with
increased domestic water issue up to 27.1
Case-f | MCM.

Consequently, it was decided to use the present Data period: 2005 - 2016

observed river flow data and future flows generated Improvements adopted: Yes __

. . After the construction of LMR with

in the Development of Basin Investment Plans increased domestic water issue up to 27.1

(DBIP) of the Malwathu Oya basin under the |cgse.g | MM andYalacultivation in GT and AT

increased to up to 50%.

Climate Resilience Improvement Project (CRIP). Data period: 2005 — 2016.

Improvements adopted: Yes

Also this study considered some improvements to the previous feasibility study such as
including storage of the feeder tanks (There are 162 feeder tanks in the cascade fed by the
Giant’s tank) to the reservoir operation and updating irrigable area with the data of the
recent survey. The reservoir operation was carried out for the seven scenarios given in the
Table 1.
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3. Results

The results are presented in two sections: An analysis of the significant difference in
observed river flow statistics and the reservoir operation study of LMR.

3.1 Analysis of observed river flow

Comparison of change in inflows at Kappachchi Gauging
Station

&
8

The calculated average annual river flow at
Kappachchi for the period from 2005 to
2023 is significantly greater than the value
for the period from 1950 to 1975 as shown
in Figure 2. The average annual river flow
for the period from 1950 to 1975 is 287
MCM while from 2005 to 2016, the value is
680 MCM. Hence, further investigations Oct NovbecenFebMer forMay n ol A s

Month

using three methods mentioned under Inflow: 20052016 ~s—Inflow: 1950-1975

MCM)
g

250

Monthly Average Inflow(
s 8 B 8

)

methodology were carried out to select the  Figure 2: Comparison of measured monthly inflow
most appropriate river flow series to during present and past

represent the river flow at Kappachchi.

a) Rainfall based analysis

The gap-filled rainfall data of DBIP of CRIP was considered, and the results were tabulated
in Table 2. According to the results, the drastic difference in river flow in the given two
periods could not be related to the increase in the rainfall over the considered periods.

Table 2: Comparison of Rainfall over the given periods at Rainfall Gauging Stations in Malwathu
Oya basin (Gauging stations at the upstream of Kappachchi is given in the black color fonts and
downstream stations are given in blue color).

Annual average RF (mm)
Gauge Period
1960-1975( 2005- 2016 |% increase
Nachchaduwa 1008 1154 14%
Horowupatana AGA office 1587 1607 1%
Anurhadapua 1320 1586 20%
Maha Illupallama 1448 1500 4%
Kala Wewa 1354 1371 1%
Pavatkulam 1114 1154 4%
Murunkan 1036 1084 5%
Karukkakulam 939 1050 12%

b) Comparison with CRIP’s DBIP outputs

The river flow series developed under CRIP’s DBIP for Malwathu Oya was analyzed. The
cases of current and future scenarios justify the increase in river flow at Kappachi from 2005
to 2016, where the annual average flow of 100 years for the current scenario is 504 MCM
(See Tables 3 & 4).
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Table 3: Case scenarios considered under CRIP’s Table 4: Annual average inflows for
DBIP study for Malwathu Oya Basin the selected cases

Basin Development
= - = T c Annual average outflows
Climatic Conditions urren uture ase
"No basin ' Basin WEAP output (MCM)
development' | Development' 1 504
Current Case 1 - 2 428
Futire Pessimistic Case 2 Case 5 4 964
climate | Average Case 3 Case 6 7 1004
(2040) RS =
Optimistic Case 4 Case 7

¢) Runoff coefficient-based approach

Bastiaanssen & Chandrapala (2003) has estimated the runoff coefficient of Malwathu Oya
basin as 0.29 for the year 1999/2000. The river flow measurements at Kappachchi have not
been considered for the calibration and the validation of the river flow in the study by
Bastiaanssen & Chandrapala (2003). In this study the above runoff coefficient was used to
estimate the river flow from the average annual rainfall for catchment as given below.

Rainfall = 1391 mm/ year (Source: LMR feasibility report — 2013 / Period: 1950-1975)
Annual runoff at Kappachchi =0.29 x 1.391m x 2117sq.km = 854 MCM/year

The above-calculated annual river flow at Kappachci is closer to the present annual observed
river flow (from 2005 to 2016).

3.2 Feasibility study of LMR

The reservoir operations carried out for each scenario revealed that the reservoir operation
with the present observed inflow data (case -f) is highly successful compared to the other
scenarios with past observed inflow data. Moreover, even Yala paddy cultivation in GT and
AT schemes could be increased up to 50% with a minimum irrigation success rate of 82 %
while issuing 26 MCM for drinking water as in case- g (see Table 2).

Table 4: Comparison of irrigation success rates and possible issues of drinking water

CASE-e (1950-1975)

After LMR - Revised study (23.7 MCM) After LMR - Revised study with present data (27.0 MCM)
Scheme | Season Crop Type Success Scheme | Season Crop Type Success
Paddy OFC Drip-fruits | Seasonal Daily Paddy OFC Drip-fruits |Seasonal Daily
Maha 29818 76% Maha 29818 91% .
GT 93% GT 100%
Yala 8,800 8,140 80% Yala 8,800 8140 100%
4% 7, 100%
AT Maha 7575 8 04% AT Maha 575 100%
Yala 2,200 2,080 80% Yala 2,200 2,080 100%
Maha 700 60% N Maha 700 1% ,
LMR 1,300 81% LMR 1,300 = 98%
Yala 490 72% Yala 490 91%
Sub total Maha 38,093 0 sub total Maha 38,093 0
Yala 11,000 10,710 Yala 11,000 10,710
Total 49,093 10,710 1,300 Total 49,093 10,710 1,300
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4. Discussion

During the analysis of measured river flow using three different methods, even though
changes in the rainfall did not support the increased river flow (method-a), the other two
methods based on the CRIP study (method-b) and runoff coefficient (method -c) suggest that
the increased inflow is more likely to be correct.

Consequently, increased measured river flows and the future predicted river flows facilitate
the possibility of issuing requested drinking water quantity to NWSDB and the agricultural
lands.

However, the reason for the drastic increase in the inflow at Kappachchi is still uncertain
and it could be attributed to several underlying factors. Among these, trans-basin diversions
to the Malwathu Oya basin could be one possible reason and this should be further
investigated comprehensively.

When considering the CRIP’s DBIP future scenarios, case 2 given in Table 2, with 428
MCM inflow per year, is the worst possible scenario from the perspective of the water issue.
As the flow series available from DBIP are on a monthly scale, the present measured flow
series (case-f) was adjusted to match the annual average value of 428 MCM in the reservoir
operation. This method was employed to simplify the future scenario calculations and the
results were summarized in the conclusion.

5. Conclusion

Due to the increase in irrigable area under both GT and AT schemes, the total irrigable area
has increased by 6,713 acres, which could be cultivated successfully under the present (case-
f) and future scenarios.

In conclusion, there is a possibility of issuing 27.0 MCM/year of domestic water from LMR
to NWSDB with the present conditions and 26.0 MCM/year with 50% Yala cultivation in
GT and AT schemes. Furthermore, even with the worst future climatic scenario (CRIP’s
DBIP — case 2) 25.9 MCM/year could be issued for drinking water without affecting the
water issue for cultivation.
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Can a canal be an extended reservoir? An analysis of ground water flux in No-Fine
Concrete Canal Lining (NFCCL) using SEEPW software

M.D.J.P.Wickramasooriya, N.Jayanthira, G.P.N.A.Pathirana
Introduction

No-Fine Concrete or permeable concrete is made with cement, water, as well as a single size
of coarse aggregate to create slurry that sets up porous to use in construction. It has a
comparatively low strength and is relatively light because it has a significant volume of
voids.

Canals are used to convey water from one place to far away locations where water is needed.
Whether the canals are in dry zone or wet zone, the commonly practiced methods are lined
with natural vegetation (unlined) and lined with concrete or any other material. Canal lining
using a permeable material would increase the seepage losses through the canal while
enhancing the ground water level along the surrounding area of the canal. This would be
indirectly helpful for the activities such as irrigated agriculture and drinking purposes of both
humans and animals. It seems that adequate research studies regarding the permeable
concrete were not carried out in the context of canal lining. The reason may be assumed as
the engineering concept in the recent history towards the minimizing of conveyance losses.

The aim of this study is to analyse whether No-Fines Concrete Canal Lining (NFCCL) can be
successfully utilized in the process of construction of lined canals to increase the ground
water recharge in the shallow depths while conveying water. An assumed canal section was
analysed using assumed soil properties for different permeability values of the concrete canal
lining and the Water Flux (WF) in the ground variation with the distance from the canal was
analysed. WF is defined as the volume of permeate produced per unit membrane area per unit
time (Wenwen & Lianfa, 2005). It was found that the WF at shallow depths in the ground
could be considerably improved by using NFCCL. However, still there are limitations and
factors to be considered before applying NFCCL.

Methodology

Trial canal section was modelled using the computer software “SEEPW” in Geoslope
software package. Model parameters were input for lined and unlined conditions maintaining
the same canal parameters throughout the analysis and they are depicted in Figure 1. Isotropic
condition was assumed for the soil parameters.
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Figure 1: Assumed canal section and assumed soil parameters
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The key variable of the model which is the permeability of the canal surface (from 1x10*ms™
to 1x10"ms™) were adopted in the SEEPW model. Further, the section was analysed as a
lined canal with highly impermeable concrete. The variation of the Water Flux (WF) with the
distance was analysed for different permeability values of the concrete canal lining. The zero
pressure point was selected at 50m distance from the edge of the base of the canal and at a

depth of 7.5m from the ground level, assuming it as the ground water table at far distance
from the canal.

Results
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Figure 2: Analysis with concrete canal lining Figure 3: Analysis with unlined canal

It was noticed that (Figure 2) the phreatic line goes far below the canal bed level
(approximately at a depth of 7m) with the concrete canal lining with 107 ms™ permeability. It
is a good indication to prove that the ground water recharge does not happen due to canal
lining with traditional concrete. However, the WF at different depths were analysed with
NFCCL to discuss the effect on ground water due to NFCCL.
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Figure 4: Variation of WF with NFCCL with different permeability values at 5m depth

From figures 4 to 6, it is clear that the water flux at a particular distance varies
proportionately with the permeability of the NFCCL. It is clear that the WF gets an optimum
increment around 10m distance from the canal and it becomes steady at of 20-30m distance.
At each depth, a considerable drop in the WF is visible for the permeability values below the
permeability range of 10°ms™ to 10“ms™.
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‘Water Flux variation at 10m depth
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Figure 5: Variation of WF with NFCCL with different permeability values at 10m depth

Water Flux variation at 15m depth
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Figure 6: Variation of WF with NFCCL with different permeability values at 15m depth

Discussion

It is a clear definition that the duty of a canal is to transfer water from a particular location to
another location. However, this study discusses a concept of “Canal as an extended reservoir”
which goes something against the concept of “Canal is to transfer of water” minimizing the
conveyance losses. The research output highly complies with the theme of the World Water
day 2024 - “Leveraging Water for Peace”, enhancing the peace among humans, fauna & flora
by sharing water which is flowing along the canal, with the fauna & flora by increasing the
WEF in the ground.

The main objective of the research was to study the applicability of NFCCL for the
enhancement of ground water recharge along the ground beside a canal. It is obvious that the
efficiency of the canal would be slightly less in this concept, however, it can be optimized by
balancing the seepage loss and the beneficial gains from the ground water recharge.

This research study has to be extended towards the analysis of seepage and conveyance losses
of a canal with NFCCL.
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2 & B HAIPD ST FPSL LTHRIGLD

Bam o eudenmailwl FHufled Gamemim il G aumEHas LUsOBap Hamhseisd 2 60&h B
HI(PLD  RETBTS  DIMDBHIBH.  PpewiBGHTHILD  IFF  WIHD 22 o  Ha
CaremiLTLLILGSEB @hHe B SHeaoreigd gmerl o2 evsamalul FHlulled Oemewm Ll (b
UBHPOIB Hemselsd SBHHH DD (WeSIHWHSHUD GuBm BB CaupuBaHSIBE. 0SS
BTB&H6T gemuulledr o HHCWTS e DRSSTTSHIHIL 6T TJF 22 6adiugd 2 6085 B Herd
aerd  HIoTelsslIUl (B 2 bsm@d OsTeLmiiul (G auBIBEH  6IaLenSH  WTeU(HLD

QINHSHCH.
m ATER

22 MARCH
WORLD

WATER
DAY

SIS  UBIEB  HIUMSHET FHeL P LMSMEMUD DiHeT UITORLL  HlifeuTssHm s
al(hdhdh OFUIFH Hieuen uUTHSTIDL Bl UIILBGSHSH HIMbHSHD OGLHLD FeuTeors
SIMWHEH  UBHPEB  BILUBBTEGmBL  LUFFdmearemw  HIUGH o s B  Sleubd
CarewiLTIuBeuget  Ugstenr  GCprésd  u@b.  SIHIOLGLaS,  Brhsefer  Lalluluied
SmWIIBE SHESTB  SHSHS BILQET bIeueml UTEHSTUY uUBpsl wdHHEndE
alflliemife| gBUBSBIGOID BbS B HMSHET @b SIDFD DYGWD. WLBBID @b BTG
aHTHTeOL LITeHMBNTS FAPSSHH LIV FaUTEOHM6N 6IH TSNS BTHHHBHGLW LOT6wT6N
FPSSHIHBGSL  DeuTeuTdH  BILIgeT beueml uTHSTILL uBp  eflfiliyeye) Siefliugib
@by 2 & B HasHar Baoemm  Fplubgd SuG. Detmid  GaTeveulIGLITeITED,
pfleid SIMLWTHH 2 60, bialemmser s ealmjans HHF 6Fe0SHSBeT  LOBBILD
Glev  LpsFdemenseled  (paiGamouinessd  Habeaugk b  BILUUBBTSEGHMB  6Tanild
STBUflumismend SR BHBSBH BHH B SHerbd. BHfle0eoTsd UTDSHMBENUI  6IHISENTED
aewtemill UTTSHSCeU  (PRUWITSH SleTeydhd b 6IogH eumpale @ LIFSHTer DIBISOTHS
HBIDF BTG

1992 b spewih LIGyendledled fGwimg memuigm HHFled HewLOUBB MBS BTHSH6T FenLl
G SlalHSHUD 6a@id THTLYET 21 b BHIBBTEI(HSETHl HEpsFdsH HLHH60
Obs B Hod oG CaHTmd s b 22 b Hedk Gemewmiriir Geuewi(Bd o6
JHOMBTHSH SHIOTANSSILUL LS. BFH6 DgliienLuiled 1993 b Lewi LOTFF TS 221D
HBH  (PHET  (IPpFHeUTe 2 605 B SHod O@TewiLmLiulL gl DiHeileien @6y
aumIbGH SumIG Cammid wifF WIFHD 2210 Hadh 2 mbesmdleld B Halbd @elbleuTm
SHUGUT(HemeT el BISHS CBTERILTLILILG 6UhHSGIBSI.
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1993 @60 (PHEWPHVTE B Halbd o eodsenmalw FaHluled oIbllss  emeushSILLL .
breuenmiseier uTHSTIY uBpw  aliflleuyenal allsd FupsHIBE aIDBIGHHMN TaICH
B Lyster GCpresons QEhSOUTHeID DbHdH oewiged  alGFLoTer  SHLIGLTHEIT
SIGV6VFHI  eTemTend  HHGUT  DIMH B (HBBaTe0emev. slaflgnid 1994 b ey FFouBsha
FHUND (PHET(POBUWTS  “Bifeusnmisenents LFTOAILS 6b e160CeMIgHID SLLUILTEH 6TanILD
&MU QuTmaied o & B Halbd o eSHGD OFBTEUILILUULL Gl 610 I  SITBITL
BLIGHMBHMIICUTH  elewiOemiul, LFFOBTe060H6M, o JhIS6T WOBBID 6UENILED L6
SFWwemar  HepLdmidmen  elLpGur  CFaiBLb  alBHIBeT.  61DH  HICU6THISM6NE
GHIHITE  MEUSSH(HLULMSUD WLBBID BT SFBDIL UpsHHled Gumdweney B GdUUMS
o Mg OCsuiumsub Smaralmd SFTeuellds GeouediBld. DIHTEUH 610G AL DL &F
SBUlu6Ten BHTeU6NHRISEM6N T&HSHMN(HHEH LITHISTHHE0 616l GLmheTLBLD.

WORLD WATER DAY

IS PROCLAIMED BY THE U.N

1995 b Spewip 2 s B HerdbHar  SHUCGUTMHET  “ibaef(Hd  BHHD”  ETRILSTS
SmWhHHH. B Cssfla@hd sLmwuld (PSHW  DESD  uSILaITHeT  OLIEHISeNTS
SIMOAISHT6O  BHITeL Ugad  Crpruisendd (WHelsd LemmGuUalfsel GCueniaGer. @ g
OlL1euoT a5 611 63T S CyTH&uID LoBMILD BeTlICLHHH ACITHH W HMS GrruirsL
UTHESIBEH. DIHIOL BHLOGLVTIDED, DIFE GWHnSH6T BmHSH HeweowlBev LiyFaldsamest
SIV6VFH GHMBUT(HHEBL 6T LIBsdlemser. UTgisTiuTer B wBpib FsFsrsmy Gseweu (WASH)
el OQuewideT  wBBID  FdldeT  HEOLITCWTSHHESW, HTHGHIMSGD  LOBBID
® LBV GHMBYSGHLD LeMTAIIBTT. BH Sleufdeier  seval, OFHTHed  LOBMILD
SHeUIeNiWSHend (PBBTSL UTHSHSBH. aih, UTLFTemev, GeumevdhHend WBMID LTS
L msefled  GubuBGSHILGBL  BF  wBpd  seTHTy  Cemeuser  (WASH)  umede
FoHGHGSmB  LgHucsslamer. CFmeaudeT  MATHIHID  SeuTsemer G L
Cremauds@ SIMWUD  (1pHTE  QuedEhd  FPIOSHEHD  HTAHEMET  QIIQEIMIDHHIF
CFWBLGHBHIUSH (PSS UmIEG eausldbs GeuasiBLb.

B BB alyye Csmeusel Qe  SEBDILLDBRISETE0 2 _6Ten  &BTHTILOBM
BlemeoliLmBaet  eumhHCUg  Curerp  Cpruissenysduler CaHTLIFHAWLTRT  DIFHDBISHBHM60
JBUBHBIBTBT. BH gems Fapsmsamen CUISlase 2 LuBSHFH bEISBSGD ABBE
SIUUTID  UTYSBE. BHemme0  Bgemeu  HTeWIMTE  BHBTUUBF  GHO0H6T  B60GHele0
SIFHTFH DG SLeMTESIBar. bblensveamuw! mLWlLBGSHS 1996 b Suewih 2 605 B Hled
“@Teld OBTENIL  [HBHIHISBEHHSTH B 6D SHUOUTHeT C&Temi(h  SlemWLICLBBSI.
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1997 S0 oUW 2 608 B Hebd “@ evd B CursioTarsT?’ saib G TellCuT(Heiled
Sl QuBBL. eogl Yildadrsd @mGuraid wdptes B Sl Curstgl. eeimid
GHHOMeT Bty  IBUTHID  alBHTHEpEGHSH CHwaullubBld B HH0  erIGUTHID
DL HBTH 6lLINSH Henamaled GHmeTensd  Gouemwi(Bld. 2 6060 LM BTHH6MeL oL HGLWD
® UG UTH Hettel] Sjemey STRILLGHDBSI. “Plovddly B SWIEISSL LOULULTSH
auembd” elgmild OFTafll OuTmmeT euelumisHd HIBSBH 1998 b WUWG 2 6085 b
FHd, BlevHBSle B UMTMeUSGL  LeolULToed ShhSTd & @b CITeHalwLTent
HIsHHE  Uevsvle  all(hHLH, euenpd o ewiey, wLHBBILD LB CHmeusendd LOsa|D
(WEHBWHFHIUD UTUIHSSHI. LDDBHSHIGTET  eUTHRIS6TTET HOITENL H6iT, SYBIHET, FIHIEVHISET,
BBID gfleeT el MWaIDFS, o (HGHWD Ualbmeuser, HEITLLMIS6T BBID BHevdhdHly
B eleleUBBTe0  LheiTeuend OLIBIS6SIBeT.

1999 @b e “‘oemereumd HOITLLSHeT SO euTDSGIBITHET  6TenIlD
SHUOUT(HemeT  aflendb@HlD  (PHWTH 2 6085 [ Hlb @LDCuBBE . Bl uBPsH
SBUAITH6T  “BTRIS6T Dlewerau(hld HOITL L SHHer SC eumbdBmTD”  6Teiiml  FnMISMBTTH6NT.
s Qummet, BTD BEGs BHSE PBWID 6hFH OFwed BHs BOITLLSHar HCw
AUTDHSIB  0SFH6IT, SHTUJHIG6T WLBEBID  alevhiGHImenl UTHSSHaEmBL.  leueur@mns,
amIBEhdHG GuGeowleiien HOITLLHMSH @Heu] LIGUGSSHOMeL DibhFH Lomg  SGpuyeiten
BCITLLSHMSH DIHLHSHI 6IMIGBMETL LTHHGLD.

ilorld

ler

Day

Cet's save and
wisely use water
as needed Cet's

plant and care for
traes to pass en

springs for a

sustainable future
. World Water Day.
saving water, Save
watgr for fulure
nhertance of
springs. Word
Water Day.

OEUSTD  HIBBTGIMLS  SLBHAILL  BTD S&@D — SILSHSHTEr 2 ousHenTalll
r&Ffeveansefled gamrdu  “Bimer el  aufl”  aSUSHI[HHSH  LSET(IPIQUITIDED
OmSHECpTD. o 08 FaHosTnd OUHSWOUTH DFBCaBL  BHfler  Chpemeuu b
Cougeaurs SFlsflegn. DCHEEIHH0  SHTeUHens0  LIHBBD, Il  LUBBTSHEHmD,
BleolIuwiLT(hg  SILOTRIMIS6T, SN euemhisalel  CHTOBLTGS6T, OCFHTIHBETEnN60S 61 6T
CxpemauliLThEeT SLFWSIUBBTED BHflell HMLSHHImIQUI HEND LOBBID HflesT SHILD  6T6oTLI6w
Wb FeaumeuTd o elTenia. 6l SBCUTMHW BIL LWSTUTLMLE FOTATUILSBSL DIDH
THTHTVHBISEBTHS S LMLILSBGLD Fphsh aufsmend sSeuipul GeuswiB. EH6TTed
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Qu(p QU(HLD FH0 HTMDH DS Bzemeu QFuwIw (LPIQULD. Boguid 61T BHT60
FHSHH W (HEBBTE SHULSSM6N LTHISTHS (LPIQUb. BFHemed 2000 Sib Wi 2 60F
B Herd ‘21 1b BIBBIEwIGSETE B 6D HHUOUT(HaTeL @ bEUBMBSI.

“aCrmsawsHme B b SHUGUTHEBLET 2001 b LW 2 6085 B Sl
SmWIOUBBE. BT awgd  UCIMEFWSHBG BSIBwmLWLTHSH. 2 ulyamishHeEnsHE
o' L F FHHEHImeN OBTewiIh OFevaugl, sasmen OGeuelGuBBeug ), L HoHeH6T LoBMID
® mIISESM6NL LUTHISTUUG, 2 L60 Geuliuplensoenwill Cueamieug o 6fTefll L 61og 2 L 6Vler
Uev QFWBUTGSeMNeL B WHHW LMIEG eSSBS B ICUTHID 6THISEHHITRT  DI(Hb S
uTeromsd  B(mobd Geuewr(BLd.

“olal(meHHbBTen B COIBITHI SHMLBSBHI 2002 SLD SLEWIQET 2 605 b FHens e
&SHUCUT(HeT. Brmerg Beveowmel SlalhebHluler WPHHW @)L SHHe0 o _6Tengl. DISHHIL 6
geps  GurmemmaTy  SlelmrsHd), ) DD o e o BusHd, CrTHSlwTe
FBBIFSHIO0 DIMIOLILGHH6T BHID Wweldh o ulfaurpalB@l Ee@weDUITS Q6TBT S 6TBI.
FUPSHHMSD FBBIFHLSSD LG WsHHw eI IuTsd  OFWweOLBD  HITETS
SHTEVHIENE LTBBHHHG FHOBTHHGHD HeitmouleT HHUSHHMID © 6iTeng).

‘/L-\\x ATER

“arFlisTeosassTar BT 6GILGH 2003 b SLewih 2 0% B HaTSHeT HHLICUT(HETS
SDOHSHFH. WS  GUSHBGHD YbSTESSE  STETOSHBGHD BF @ (WeHa
BWBNdS UMD SLGD. B 6Tdl WslGUflw SuiBems euend SLGLD. BT 6pgl a6
BUBMS IeMDTS DimHEH GUTHeID OIFH aUDTWBISSILIL L HID wBBId Couml 61HeMTeILD
FG OCFlwluL  (PRUTHSHID DLGSGD. DIGHETEOHTET LD HeTeT  THTHT60  [HeOMTIDANBGLD,
SL6VAIGT  UTHISTIYSGD — oBpid  Fapsds  Qummenmasty  oilelmeSHABGD  Hifler
BemeLSHHETMD  DEBILIMOWITS — QETBTGD. 2004 D SewlgesT 2 606 BT Held
SHLUOLT(HENMTS SIS “BHD DT HHUPLD” GTBILSTEGHLID. GLIBHLDLITEOTE D6 5 SHMhiIb 61T
B  QaTLjuTereme  OeuelTenid,BleoFafla],Lued,0eulil  9eme0,&T(HHS,5bBD  Gely,eumL g
wBpItd  BITed uFed Cpruisellar Halljb Spfweney LIFHTerors STeublensy LOTBBG S 6l
STTWIOTS DYHHle BL 1D GUBUBHIL T Diewer WSaD HalFoTsald B)(hHHS 6men.

2005 Sub WG 2 605 BIHID ‘USBTEWI(H BTEOHJHIONT UTDHMBEHITN B — 6TanIlD
&SHUGUTHemeT el misHd BBSlearpad 2003 pb et WEHHW  BTHS6T CLTHIEFFmU
2005-2015 asmeoluGHenwl “aUTDHMEBHITR B~ BLOIGSHMEBHITR “FJalChHs HFTIHD”
gl oplalsmg. 2015 b WIYBGSG6T B WBEID B OHTLFuTer  LIT&FHamenseriev
FIasF amsGuIHemen  BHopCauBpiusBsTRl  (PUBHBemen  2aEHGallILCsH BhH
SFTILUSHIGT (pHeTenld Chrohsld 6lenndh SHTOTeNdbaLILL L .
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2006 &b SewIh  HIHLD  HEOTFFTIAPLD”  elaID  HHLU  CUTHEBLET 2 _60F [HiFHled
Siemwwll QuBBE, B aaug Wweldh GevdHEHTeo GCuemrliL Geuewngul @ HETOHTEML WITS
Feogmed  HHSLILGL  DIBHCeuemen  FBMIF GBS  UTRIVRIGHBEHHGSGOTET B
(WEHIWSHFHIUHMS UWBISSID @  UTTMHUIWTS  OBBEUTHETT0  SHSLULBS@TBSI.
PHSSL — BLHIBSLTRr  OFHTLIY  QuUEHLUTEILD “EamLiy wFHYsbHeT”  eTer
AUMSILGSHILGSEB  DCHCeuemer o 6THTL (B HeOTFFMIMIS6MN60 LOSOD  QUEIITHELD
SHBSUUGSBS.  “BIUUBBTSEGmBOWLE  FoTelHHe0” 6aid  SHUCUT(Hemend  CoTean(B
@Lb Oumbmg 2007 SbD EHIYBSTH 2 60F5 B Hels. BIIUBBTESMBOW  HlouTSHS)
CawieumpBE 2o 61en] Gadlw LBBID UBBIILGHMBHMET O L SHEH60T6T  HLAUGEHENDHSH 6N
suduoreaimel. B o susenmalw  oBpid  FFuBsHF  FHwTET  [BL6UIQHMBDHM6I
FISHGIBEH. DNHCHTH B euenhisefe LST6 (PBHTEMDHHAID WOBBID DIH6I  [HEST6NLOS 61T
eTeTLIGUBSlEN clpevld BT(BHBEHHB emLUilevmer eHHimLlener HHEfHE alleuEsHBBS.

“GFETHTIL”  eIID  SHUOUTHEBLT 2008 oI 2 0% [ Sl B bOUBBEI.
QUERIGUPBLUILGSHSILL L GETUI B DVe0H SPBT SSHHSFILULET Gnlgll FTHBML
BOmeTLILHH6T  CLPEVLDTE GBI  UFHB6T  GHBUBHHIUHE  LPGVLD Bl Curs@
OBLILSSMeNS GHMBHIH GHTHMHMS FhHWTS CubuBHS (WYUD 6TeTml  DBTIHIS6IT
Caflalddlamer. “sleveme0 HLHSH B 6ld CFHTeflll OuThepLer 2009 b  Syewilh
2 & B Hold oWl CuBBEH. GG Sevevd BFenigBE GumulL  BTHS6TTED
uSlihe OsTeTeniuB B HlenevdseT BB gFlEeT BBID PBBILILBGHMBH6T 61606060
&LbHS BHeuend QG. DHFFHBHUGBL B DIWSHDH FHTUSHHHEO HUBTSH HieudldsibLd
eTeemeuBTanrigul B elBlCwremiseT &wps Semwgulamwenwiu]b GCuorgemeou|d gremi(BLd
FHBiT  CBTERILMULITS  SIENLOBHIBIBEI. ST6UBHIENEL OTHBHBLD OBBID 2 608 FensHoHTensulle
SIFHHIIY  eaTUMBOBF  FoTeMebs  HBeNaTHID  Goedargid  CHameudsemen  HlauTs
QUi  eTeLEMEUHTEWTIQUI  HFGUST  (IPHTODHHASHHD — NHCHFW  QHEISnemwIHSH
SIS (POB OSHaD SjeudluwiLd.
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2010 &b oW 2 60& B Hed “Qlrrsdwwnear o ABGHF SHIOTE B  6TaId
SHUCOUTHemeT el BISHd HIBHBH. FHSH0Ter Himer OLDBIFHD aTHeTer SIQUILIDL &
Bremauseled @BIBTGHID. LETT6D, 2 UHI0  HTLAI(HDESG @(HoUT 6B & HHH 60
UTSHISTUUTET Gl9hT Sl LUgHe0emev. & @ SFSTHTI CUITUHH SLGLD. et BCHTMID
@ Weallwedb@h SiFswrCaty urgisTiuBs  Bfleomed GOBsalamenn.  HSILILD
BILLWELTL (& SHemmaaied eudlall mser, afsHHsd, CHTHBFTM6D, HBICUTHRISET LOHBEBILD
U uwSIUT (BS HMBH6T SILMIGIEBar. aleugmTuHIHBSL UWSTUGSISLILLTSH D60V
GBS  LWEURSSIULTS  BF  “BSTIUB B eed  SHSUUGHBSH.  eTenGe
GYPTSETEHOD  SPUEBBISITHAD  OBBID  GeNUUSBETHOD  UWSTLUGS @B B
“BaTiyp By~ eeiu@B. 2011 b opewih “BSTUUB B eed G TelieuTmerfled
® 0% B Heab DOLWIOUBBH. “BHrHLD o ewieyll LTHISTILD” 6B  SHUICUT(HD6TS
STRSHBHBH 2012 b WG 2 605 B Hld. o eyl  LUTHSTUILSHEG B
Aewenwmdgl. LWJHeT oBEBID STe0HMLS6Mr auaJ&FFleag B WHaD DeuduwoTeaigi.
aleugmwsdAmE utflweney B GCheweulpBl SICHGauemer LLGB o 6wiey o BUSHEHSG
FHIOTeT B SeuFworHaBg.  waldd CoHmaudbastasll LWETUGSHIILGSHSB 2 06l
SmBTHFH B Heler 70 FeHaisomaiena UTFaT aleudFTuSHBSL UGS aimer. 2013
SD  WIH 2 605 [BI Hobd Horg SHUOUTHMT “FJauGha gl Bmey LewiB
SIMHSHIeTNH. @DHet  ceold FTUCHF FepSD  DIEMOHTHIHID  HleHeOWITETHIOTE B
(PSTMOSHSHIOID OBMILD BT LITeuenerT eTaiiLeuBilen (WhHUSHHINHMSH DIMISSFHBBSI.

“B7 LBDID ey’ aeIb OFHTEllCuTHeflmer alendd HBHBEH 2014 b SLEHIH 2605
BT Herd. BF LBBID BT algy BTG ek o ullf eumpelBd@d  CUTHETTSHTY
alenIFASGD  Wdab SaMmDUITS:  QIeTHRIG6T SLGD.  GPbT, leusFTwld  WBHID
CaHmMOBFTMVHEHHE B  Hdabd Seudflud . CHBaumen  CUTHGHMTHI,
GanioTédse0, WLBDBID  HGTIBUSHSHSG BT el DS WLIDTHGIBSH.  [BleEOUITET
SUal(pSHF, uUTDAUTHTID, B, o ewial UTHSTIY BDID &M eaauaBBiBG b
Wsab @amuawunsd @b HBeGsTed GW. &HDHTE LBBID  Heneowmel b

WATER FOR FOOD
SECURITY, NUTRITION
AND SOCIAL JUSTICE

QAUMRIBEHHGFW  aufl(pemp  EeTeId  H6NMbLed HlemeoulBen o 6TeNgl.  DIENETEU(HEHGLD
FIDIDTRIGHID  UTHIBTUILTET BT  HeDLHBHTID60  6lhHOeuT(h Hlemsowimenr  Silai(hHa  6lem
el BhdEsCa (PYUWTH. BFHaT FITDFHme S SHWwel HBSHBSH 2015 b o 05 B
FHeds  sHLUGUTHeMTT  “BHD  Hlemeowmen SleHSHHUID”  eTaTLg . 2016 LD  DLEUTIQ6HT
® & By Hatd SHUOUTHT “FBhd B, Fphs T’  eeUmE  eueduBISHS)
PBEBHE. & HHESGSL  OFTHSGHD  DewLwmer  OHTLILSMET  DLOWILDTSHS
CaTemiBeiengl. SmaIHdH CHTevTenTHeied Slewrewioneurd UL  FHMHOTECEITT B
CaTLurer  HemmHelled CFHTH0 LflueufseT pal]. DSBS Siened  WTOID  FHeuTemt)
SewLLILenSLl CuTRIHCH &IOS o _eurenlouiev, FPHH BTV INNEY: )
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Ceuiwiu@aaB  QuEBbUTeTET  &Pfle] BITeld OCFHTOABFTMS6T, aleugmuid  OBEBID
paIT feefedmbam  CeuelCuBBlLGHSIBar. Qe  SFsHafledsiiumoCn  WewiBL
SBBIFGHIP0 DMLLled CFmelama. @bhs Beveouler Wgh alfilieTenel gmBL®G SIS 6
2017 2 608 B FHd “geir Hey B elemId CFHTEIIGUTHemeT 6ueduBISHS BHBHBS.

“BHSSTE BQUIBMS” 8B  SHLCUTHMeT STRSBBSBSH 2018 SBETET 2 608 B
FHeord.  FMUIF G0 Sewwlilener urgsTIUCs mIl urgsTUlBETEr  HneGsmed
SGD. 2030 b el enailed 5 Le0eVWIeT 1bSH&H6T  BHIUUBMBTHGHmBenU  e1HT6ST6Ten
Grfi(B. memeowimer SINalHHH BeVHEGHMET DML UBBHTR 610FH HB&ev BFH OLHLD
SHMLBMET JBLUBGSHHPEBH. BbHFH OBHebsgmuF FomealliugdBarear OghefeuTear LTmHmW
BuBmae 6dHEG IPEIGIBH. BUBMBF SBBIF  GEMEVL  LTHISTUILSE  cLPe(LPLD,
SluBenp  Wend  SLQOWIPUILSHE0  peu(pld  Hleweowmer  (LpedBUTled  (LPBHTEMLDSHSHIENLD
CFuIusaT (eopld BObhSH OBHHIBYUIGT HTEHHMBHDH HEwldd (PIQUID.  DIHIOL (BHLOGTNS,
L6LEUTUWIT S HeMI ST  LDSH6 6T UTDEmBMW  (PeTGaBpayd  (pigujd.  “wrengujd ol B
alLeumangl” 6B SHUCUT(HEHL T Senwl GuBBs 2019 SiD DEWIYBHTHT 2605 B
FHeord. “wrenguyd oL (B eldamLrg” a3 o mig Gurfhlwureargd SHally BN Sig6i
DB HFH  aUQARISMIIHHSID  (PYadhE OCETamIheau(heudBETa @ o BIFILTH LGLD.
“oEmamsG BT aaiuGh  @F  sHUCUTHelar  melgeld.  SIHTauH,  DHB
(WSICeBBLD  HeWILauTH6T LGSRl Hmend mBILTo0 SHLLSBSTRN Q@ FepSLl
QuTBl(eB 2 (HEUTHSLILIL O SjeudlwiLd.

Water is
a human right

2020 oulb SLETQET SHHLIGLT(HENMTS “HHLD SHTEVHIENEL OTHBBIPLD” GTETBEUTHI DD EBTBSH.
BT OBmESYHG LUrsrear goeurul allenmbi@Gadl STeobhened TBBLD. SB  OleuelTend, &L 60
wLLD o Wik, uell mHend &mesb, &M(hH &H LBBID eupld ereauBler eLpeoLD
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HTEUHIENEY  LOTHBBSHH0  HTHEBRIBmeT [HTD 2 eoHea@mmd. SmUileid, B  SHT6VHeme0
LOTBBSHMS THTHHI GuimfBLb. 1)) RIS wHIIL LGS B STGITLIN Hb
&L (UG SHSHILIGU]TE6ITHT60! DM SH QRIS LuweTU(B SIS 6160TLIGN SHLILD
& BULILGSBHIPBTIH6T.  DHIIBGHE0 6TGILGH  BHIAUGT (IPHTDIDSHHIHSHIAISHHED  AIGIAITEIHILD
FIDSHSHAUIPD  10HHHTOT QI (PHHW  IDFID LG, GleusiGeummet Bl  LIUIGTLIT(H S 61 6T
pflemest PN SH  FHauplwenwo Hfler  OFFwed UBSSMILILIBEGHLD DG  HeumTe
(PHTOOSHBIUHHBGLD  LPOSTTEIOTS DB GBS 2021 b SLewih 2 605 b Hleord
“Bfler HITE” aeid SHUGUT[HeTeL Semwwil GUBBEH GBIULIL HHHSSHI.

“smIamib@GLl  LeUULTS BHlevds g bl LeoluLsF FUIHe0” e@id  SHLGUT(Henend
SRS FBSBa 2022 b  SLEWIYBHTRT 2 605 B Held. Bevhdly b 2 60H6naied
S LSHH L  WbUFH  FHNH  GQHOM]  QUPRIGHEIBH.  BIBUS  FHAIHOTERT B
BIUUTFaSHBEGH LWSTUGHGIB SICHGeauemer  cpaiTsied QMh UREG OFHTHBEFTm60HSGL
UWSTURSBEH. FBBIF GHMe0dH HHHMAILILG DL BV HTEUHIeND OTBBHHBE F{H
Carhdsalld BevHHBl B DUFUETASIBEH. AHSFEGD BIUUBBTSGmBUD  CoBLTLiL
pfler  SenLliuemelsr [BUSHSHETOUD (elldy CFuBuTEG BB STEVHENEY  LOTHBBLD
SMIWILTH) Blovddly Bl WH DHS alGaTFHMmBUID D(DSHDHHMBHUID CBTeTeUHBE D
STTEOIDTS  SMDBlEIBer. 2023 ub  SLEWgSNT 2 605 [ FHetd  SHUCOUTHTTS
“otBBHmd  HIFSILGSHHE0”  CIGIBAUTHI  DIMWLBH@IBH. B LBBID  FBTHTTHH T
WaGaBpsHmad SfSILGSSHIUSBEG HeeOoWTer B (PETDLSHHIN  HDL(PDBBM6I
GUbUBGHHID (PHOTEH  DIFF  HBICUMTRISEDHD HONWTT  SHMOBHEHD Ewenhd CFUBLIL
GeuewiBD. BIUUTHISTOY LB  CFwedHmenst  GLBUBSHH0D, B  LOTFMHL HMEVSH
GMBSHSH60, SHIIOTOT  [H(HESHTET augdHullmer 2 (Haurhsed  CUTEIBeUBBISST 6
o sl LemlSEmenud GFHTIHe0HIL URISmaTUD aIPRIGUSBEG (WHeUH FuIHe 61
“otBBHmH  HFHILUGSHHL” 6IILFH  QBTHWIBOTNDH. DGHMOT DIV QUFHBEG, FWILSHei
BEID  OuewiseT,  SFTlYB  WWHS6T  ewaBBslear  CHemeulTEHeT  HHHIHM
CamaTeniLl B SFHSOTH HHEGHD BB SFHTHTN UFHHGLTET  ULPUIDLD SHFHe0 Gouewi(BLD.
USITHDHSH SHeydsel oBmpId Heoeownel B OFHTHe0mHIL URISeT eaiuaBpled (WHeld
U gFupsbd Hmevemouleomer BHfF QFUBSHLLEmS6 WIGOL @bsl LyFsmersd s
SHJeme)  QULPRIGLD.

- ’
@z B
S o R

=

ueLGouml Gamemimiseriled @aICaUT(H UHLIPLD 2 60F B Hleld e6lI6euT(H SHUCLT(HeneTd
Caremi®  SmbHemwll  CuraiCs  BelaupLld  “FIOTHTAISHSSTEOT B — 6Te)ID
CaTalliGuTmefled SIS EBSH. BT UBBTSGHOBWTS SHBGWLOUTH  Dle060H B
wrgmLWbBUTEH  OIeVeVH  WHF6T  FwIblaimwemul 2 aiBLCUTEH  Slevevdl BB
aug &HlufleveorsGUT S FeLPBHMID(6TH(FHLD BTBHEHHES L0 ML Ulled USBBLD 2 _(HaUT@LD.
2 ouaeailed  cpeiim WIS 0 SiFlbenaleonest  D&EB6T  OFThHSH BT
GTEVEMEVEHMENS  SLEGW HewJ BLbLlujeener]. eleflenid, 24 HTGH6T WLGOL EFBaTen
yfibgiemiey @UUbSSmBE  OeTemipeTener. STeuBleney WLIBBL  BEID  GuhHaleuHLD
FNHOFHTMS CIFLIUBMOBE  FOTaMNdHS  BHieuem Hleweowll UTHSTIIBGHW Cuamien HBGLD

53



BTBBHEHSHMLWITT  HIFTH CHMaUB6T 2 6iTerment. QUTHIEF GSTHTID  OBMID
CFly, o ewie] WBBID FoHFH DMWLILSH6T, CUTHNMTSTT o BLUSHS LOBBID FBHBIF GO0
QUREWLLIUTH &Sl BelG OCFUBLUGSGIBSHID FOHHIO (PSTODSHHIOUD  LO&SHHIOT6T
BIF &pBduled sSmiglueene.

The next World War

will be over water.

Ismail Serageldin

FTeuCsa euemevll Llenenen, SiHTeug World Wide Web signild GQamBOpmLeny oBpid www
ID LUSHSHMSH SINWLTHeUTH6T 2 60dle0 elau(Hd Eevemsv. Wemihd SICH uzpd www Geupl
o oo dald OBTewi(h Oeuaiourd &THHHBIBH. DiFTeugs World Water War (2_6vs B
WSSWD) EQIUBISTE.  DIUUQOWITH ~ WWW 2 (HeuTHToed  [BJ — QFTLJuTer  F&Hev
BLoUHMmBHeNe0 FHUbBEH BOHs BOIHSHID ysdrasdeo Byl  UWeTUBHSHSHID
@6al0euTH 2 ulflerdhdeaigid HalJssWRUITES STISSL CLTBILL SLEGLD.

6TBSI. 6T610.JTER S oM
FCyeigr.  piilmFen GlLmmlLievren
SYDLITENDLI LiFmbSILD
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l‘.! “Vevai Dagabal Gamat Pansalai”
T anE aeE

he “Reservoir”, by its meaning, is to reserve water. However, the concept of a
“Wewa” has something more than just reserving water. As we all know, Water
plays a key role in flora & fauna and we, as Sri Lankans having a glorious
civilization older than 2500 years, our main life cycle depends on the irrigation
system which contributes in many ways to the agricultural sector of the country. In
the past, the ancient and existing irrigation system in the country could change the
brownish dry zone into greenish paddy with golden harvest. Even today, the main
life cycle of the rural villagers depends mainly on the current irrigation system. Our ancients
had an excellent irrigation system which blended with flora & fauna and it catered a perfect
irrigation demand for the irrigation in an environment friendly manner by storing the excess

water in rainy period in the reservoirs to use them in dry season.

“Wewa ” can be considered as a sustainable
concept developed by our ancestors to store
water by building a dam across a natural
stream. Abhaya wewa (Picture 01) is
considered as the oldest major irrigation work
by Sinhalese. It is a well-known fact that Sri
Lankan ancient irrigation system was
succeeded well with the concept of connection
with the Reservoir, Dagaba, village and
temple. It can be seen that the rural Sri Lankan
villagers used to have their day today lives
with a close association with the religious

activities. So, the concept of “Vevai Picture 01 : Abhaya wewa in Anuradhapura

Dagabai  Gamai Pansalai” in Sinhala

(Picture 02), was a very famous concept which was clearly seen in most of civilized areas.
Among the key features of them, the traditional village tank system is well organized concept
with the flora and fauna. There are enormous facts to consider it as a well-accepted approach
to withstand natural disasters such as floods, draughts, cyclones etc. The scope of this article
is to discuss the key features of the concept of “Wewa” elaborating how it blends with the

nature.
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“Kulu wew” in sinhala
or the cascade system
(“ellangawa in Sinhala)
y can be considered as
one of the most brilliant
part of the ancient
irrigation  works. A
series of “Kulu Wew”
| in which the upper part
. drainage water reuses
in the below part is an
indigenous concept

Picture 02 : “Vevai Dagabai Gamai Pansalai” concept developed by  our

ancestors. In ecological
point of view, these cascade systems were built on the upper part of the catchment area to
store the water to improve the ground water table as well as a water source for the animals. It
also helps to reduce and decelerate the high intensity of water flow with sediments and silt
coming to the major tank due to high precipitation in the catchment.

The sudden flows to the reservoir are initially filled in the Kulu wew and the spilling from
them flows in to the main reservoir with a delay time which mitigates natural disasters such
as flash floods. This method is a good practiced method of maintaining a uniform inflow to
the main reservoir throughout the year. The first
filled Kulu wew releases water at dry periods o
and non-rainy periods so that the main reservoir
gets water at almost all the time. Furthermore,
the cascade system is an environmentally
friendly and sustainable system. It minimizes
animals coming to the main reservoir looking
for water by satisfying the water requirement of
wild animals in jungle area itself. This can be
considered as a practical solution to minimize
the conflict between mankind and animals.

As well as in Kulu wew and other reservoirs the
water income for the reservoir is from the
catchment area as in picture 03. Catchment area
(“Dhaara pradeshaya” or “Wew ihaththava” in
Sinhala) is the area which the water for the reservoir is coming from. The water coming out
from the upstream catchment is collected through natural streams and routed in to the
reservoir. Normally the catchment area is covered by the surrounding mountain ranges or
high grounds. In the view of flora and fauna, the vegetation and forestation in the upstream
catchment are very important factors that contribute the amount and quality of the water
coming towards the reservoir. Trees like Kubuk were grown in the catchment area to improve
the ground water table as well as a trap to the silt coming towards tank. Even though, this
area called “Wew ihaththava” was kept as the reservation area for a tank, nowadays it was
encroached by the urbanized communities and specially the hotel industry because of its
specific features for the comfort of the lives of mankind. Hence, the time has come to rethink
about the environmental balance between the human activities and their effects on the flora
and fauna.

Picture 03: Basic features of an ancient
reservoir
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“Pennuma” is a simple arrangemt with rubble or rock boulders. Before the water stream from
the catchment enters to the reservoir, it flows through the “Pennuma” in Sinhala. It is the
upstream area across the inflow stream to control the velocity of the water stream coming
towards the reservoir and it serves as a filtering system of floating garbage from the water
flows towards the reservoir.

Stream The “godawala” (Picture 04) in Sinhala or the
water hole in upstream side works as a sediment
trap. While minimizing the filling of the reservoir
4 with silt, it improves the durability of the reservoir.
= The water entering location to the reservoir is
“ethulvana”. The upstream side ridges are called as
“potaweti” or “isweti”. Soil ridge (“Iswetiya” or
“Potawetiya” — Picture 05) is a soil ridge
# constructed in either side of the tank.

It can be identified two reasons for having iswetiya,
Picture 04 : “Godawala” — Water hole  one is to prevent eroded soil entering to the tank

from high grounds. The other possible reason is to
decrease the surface area of the spread water surface to minimize the evaporation.

k. ) 1._ :L\. ‘k. . . IR

Picture 06 : Nuwara wewa “wew thavulla”
in Anuradhapura

Picture 05 : “Iswetiya”

“Wew thavulla or wew ismaththa ”(Picture 06) is normally used for Chena cultivation.
Usually, the social and traditional activities like New Year functions are held on this area
because of its spacious and calm environment. The ground water table is high in this area, so
the required water for Chena cultivation is fulfilled in Vev thavulla.

Wind break of trees (“Gasgommana” in Sinhala) is another
key feature that comes to consideration in terms of flora and
fauna. A village tank or any reservoir is a place where a huge
amount of water is spread over a considerable area on the
ground, so the evaporation from the surface may be
considerably high. Further the evaporation process is
accelerated by the wind speed on the water surface. The wind
break of trees makes wind flow at a higher level from the

water surface. This results a minimization of the evaporation
loss of water from the tank.

S mBe 80D

Picture 07 : "Kaligu Bemma"
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“Kaligu bemma in Sinhala is the dam built joining two high grounds parallel to the spillway
in upstream side. This Kaligu bemma (Picture 07) gets submerged when the reservoir is
spilling. The main purpose of constructing a Kaligu bemma is to protect the water inside the
reservoir in case of a failure in the spillway.

3

Godawala)

Gasgommana

(Windbreakof .-
o frees)

Main featres of an ancient irrigation system,
Reference : http://iucnsrilanka.org/Kapiriggama/wp-content/uploads/2016/04/Components-of-
a-tank-ed-800x450.jpg

Moreover, due to this small-scale dam, the reservoir works as a small-scale tank which
reduces the evaporation because of the small surface area. This word “Kaligu bemma” is
used as a metaphor for Irrigation Department in Irrigation Department anthem also. It says
“Kaligu bemmak vilasa nagena” which means that the Irrigation Department rises up to
work for the nation as a Kaligu bemma.

A strip of land with huge trees is seen at the
downstream of the tank bund which is called as
Interceptor (Picture 08 -“Kattakaduwa” in
Sinhala). The water hole, wetland and dry upland
in the interceptor serves as a filtering area for
salts and Ferric ions to move towards the paddy
fields. It is a very good example on how the flora
gets in touch with the concept of “wewa”
blending with the human lives. The water hole
which is called as “Yathuruwala” raises the
ground water table and minimizes the seepage
Picture 08 : "Kattakaduwa" through the dam. The bund stability is
strengthened in the live root zone of the plants and trees like Vatakeiya, Mee or Kumbuk.

As we all know, Rice is the main staple food crop in Sri Lanka, so paddy fields are the most
popular cultivation. In either side of the paddy fields, the hamlet (“Gan-goda” in Sinhala)
can be seen below the tank and it is cultivated with perennial crops. Cattle area (“Harak
Gala™) is the area where cattle are fed and they live. This causes minimizing the mosquito
problems because of the cattle near to the hamlet. All these features show how the grand
concept of “wewa” blends with the flora and fauna in the nature.
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Regarding the water issues by the tank or the reservoir, there are two types of sluices found in
ancient irrigation systems. One is the sluice with a Bisokotuwa and other one is the Keta
sorowwa. Sluice with a Bisokotuwa is used in major tanks to reduce the pressure due to high
head of water. Keta sorowwa is used in minor tanks. It is a system used to issue the water
from surface area of the tank to the paddy fields.

The ancient irrigation system is a very ecological friendly system with nature. It is amazing
how the fauna and flora get connected with the human activities in this concept. Not only our
ancient villagers thought of the natural ecological systems, but also, they have used the best
design techniques in construction the irrigation structures. The tank bund, Rip rap, Sluice,
Sluice tower and spill, in all of these structures Sri Lankan ancient technology is not
seconded to anyone.

The link our ancient irrigation system had with the nature was really a sustainable system.
The harmonization with the nature in our indigenous irrigation practices was very powerful
such that the nature could protect the human lives by natural disasters. So, this is the time to
have strategies incorporated with the nature. There are plenty of lessons to be learnt from our
ancient irrigation systems. We hope that this article would be an eye-opening article on our
ancient and glorious irrigation system which had hand in hand with the ecology and nature.
Therefore, The Reservoir is not just reserving water; the concept of “Wewa” is a grand golden
concept that can be applied for an abundant future through the sustainable development.
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More Water Leveraging Peace

Aruvi Aru feed water to adjacent schemes in Mannar district through RB & LB inlet canals
where ancient Anicut system was build. It is known as Thekkam Anicut. LB inlet, 25km
length, brings water to Akathimurippu scheme. Akathimurippu scheme include
Akathimurippu major tank and 39 feeder tanks, extent 6,351 Ac. Especially, 15 feeder tanks
are receiving water from Akathimurippu Tank via sluices. There are 24 minor tanks located
upstream of Akathimurippu tank along with inlet canal which received water through
separate seven turnouts in the inlet canal. Each feeder tanks have averagely 600 Acft
capacities for cultivation purpose.

During dry season water flow in Malwathu Oya is low. Therefore, inflow from inlet channel
is very low except April and May if any rainfall occurs. Therefore, Yala cultivation for paddy
is promoted only in feeder tanks under Akathimurippu Tank, not promoted in feeder tanks
where feeder tanks receiving water directly from inlet channel. Normally, during Maha
season, full extent of cultivation occurs and during Yala season, cultivation is averagely less
than 5% of irrigable land. This would affect farmer’s income and poor farmers could not do
the cultivation. Because during Yala season, paddy cultivation done in minor tank upstream
reservation area that called as “Pulavu”. Normally, farmers cultivate around 250 Ac paddy
and OFC during Yala season. Therefore, if the farmers have 22 to 24 Ac of land, then can
cultivate 1 Ac inside the feeder tank reservation area during Yala season.

Therefore, farmers are mainly depending on Maha cultivation. Since last year (2023),
rehabilitation works started in Akathimurippu tank and Yala season (paddy) could not able to
carry out because unavailability of water.

Further, all the feeder tanks are connected with other feeder tanks is called cascade system.
So each feeder tank is receiving water from another feeder tank which is located in upstream.
It is like every feeder tank depend on other feeder tanks. There are 24 farmer organisations
under Ahathimurippu scheme. Each farmer organisation has at least one feeder tank as water
resource for cultivation. During Maha cultivation most of the farmers delay their cultivation
due to cattle availability. Even though, the last date of cattle tie-up is decided in the
cultivation meeting, it does not happen on time due to lack of availability of pasture land and
long distance between villages and location of pasture land which leads delaying cattle tie-up
leading the delay in cultivation. Therefore, Maha cultivation ends in mid of March.

The main problem arises, when cultivation delayed. It is difficult to ensure water for
extension of cultivation. Because after mid of February water level of Malwathu Oya reduces
and end of month we cannot get water from river. Further 24 feeder tanks depend on water
flow from in inlet canal. When river water reduces, inlet canal water also reduces. Therefore,
during the end of cultivation each farmer organisation do not share water to other farmer
organisation due to water scarcity. Hence, it leads disputes between two or more communities
or villages.

Particularly, one cascade system receives water from Akathimurippu inlet canal which
contains nearly 10 feeder tanks. So farmers who require water go to upstream tank and
illegally open or close gates by damaging or using duplicate keys to get or store water. So
these activities lead to disputes as mentioned above which difficult to be handled by the
Irrigation Department.

Most of the feeder tanks have maximum height between 1.5 meter to 2 meter and those are
shallow tanks. Due to heavy heat and wind water will evaporate quickly and cannot store
water for longer period of time in feeder tanks.
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Second thing is encroachment of feeder tank reservation. Most of the farmers encroach
illegally. Therefore, capacity of feeder tanks reduces and cannot store water as required.
Thus, requiring frequent supply of water to each tank which cumulate the loss of water. Even
though the Irrigation Department try to put boundary stones or excavating boundary canals,
those are the removed by farmers and encroach the feeder tanks and reservation and do
cultivation.

Considering above facts, to prevent dispute between communities and villages, the following
methodology should be followed and practiced.

1.

Establishing pasture land for cattle. These issues have been discussed several time in
DCC and DAC meetings, but could not get solved due to unavailability of land. But
Irrigation Department can suggest DCC or DAC to select suitable size of pasture land for
cattle farming under particular feeder tank. Then paddy land can be converted into
pasture land. So that particular paddy land area does not need to do cultivation. Cattle
farmers need to pay rent to paddy land farmer that could cover the loss of income from
paddy cultivation from that area. Therefore, all the cattle can be tied up before
cultivation. Thus, leading to programme Maha cultivation on time. These practice should
be rotated between feeder tanks each year. Additionally, fertiliser for the particular land
is boosted with the use of cattle urine and dung, supporting the paddy field with natural
compose. So these can remove the delay in Maha cultivation and community disputes
and maximise the usage of water.

Laws and acts should be implemented for those who are encroaching reservation. When
farmers encroach he/she should be fined Rs. 200,000 per acre, suspending privileges
given in composes by Agrarian Department for 5 years and suspending membership from
the farmer organisation for 5 years if they are a member.

Most of farmer organisations are registered in Agrarian Department under Agrarian
registration number. But it should be re-registered under Irrigation Department as per
Irrigation act.  Unless they get registered under Irrigation Department, Project
management Committee (PMC) (Waphaula) cannot control farmer organisation and
farmers. If it is so, cannot prevent illegal cultivation. To keep water resources in safe
hands and to ensure water to paddy cultivation and social purpose above mentioned
proposal should be adopted.

Implementing and promoting OFC cultivation in Yala season where water scarcity is
expected. During OFC cultivation water requirement is comparatively law when
considering paddy cultivation. Also farmers can get high income comparing to paddy
cultivation. As mentioned above, less than 5% land of total extend can cultivate in Yala
season. But all the farmers could not get benefitted. But when it comes to OFC all the
farmers can get benefitted. So social and community disputes will be reduced.
Amalgamating minor tanks leads to increasing capacity of existing small tanks. It can
store excess water during rainy season and retain water for longer period of time. Thus,
can supply water to required feeder tanks time to time. Specially this fulfil the
requirement of farmer organisation those who mainly depend on water from in feeder
canal. (Irrigation department proposed amalgamation of Nedunkulam tank which consist
of 7 tanks merged to one tank)

Eng. S. Manivannan
Divisional Irrigation Engineer
Silawathurai Division
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Invasive Plants and Impact on Tank Cascades in dry zone of Sri Lanka

Introduction

The hydraulic system and its cascade system especially in dry zone of Sri Lanka has
prevailed for centuries, while conserving the wellbeing of the civilians as well as the
prosperity of the country. But this tank cascade system has been facing numerous challenges
over the time due to various reasons. Siltation issues, climate change impacts, agricultural
changes, settlement expansion, wild animal impacts, overuse of chemical fertilizers, invasive
plants, salinization, rehabilitation issues, North-Eastern war impacts during last few decades
and less awareness on tank cascades are some of them.

It is observed that 18,000 — 30,000 small tanks in Sri Lanka with 90% are organized into
clusters or cascades. But only 14,421 active tanks and 1,661 cascades are estimated to be
prevailed today. (Rathnayake, 2023). Rathnayake explains that the remaining tanks, are being
faced to many challenges to survive. This report discusses about the impact of invasive plants
on tank cascade systems in Sri Lanka.

Identifying an Invasive Alien Species is important before discussing the issues of them on
tank cascades. When a foreign/alien species is introduced for a purpose in an area, a fraction
of that will survive, inhibit and spread beyond their area and purpose of introduction. They
actively subdue natural and man-made ecosystems replacing native plant and animal species.
These species are known as invasive alien species. (Admin, 2017)

Case studies

The dry zone tank cascade system, a sensitive and self-sustaining fresh water ecosystem
habitat, provides irrigation water for agriculture in the area and at present, this system is
infested with aquatic weeds, which are most dominant aquatic invasive alien species, salvinia
molesta and Eichhornia crassipes and representation of other native weeds is comparatively
less. (Kariyawasam, et al., 2021)

A study has been done by Kariyawasam and others in 2021 to study the impact of invasive
plants (Water hyacinth and Salvinia) on tank cascade systems in Nachchaduwa and the study
shows that aquatic invasive plant cover has increased by 28.6% over the period of 1992-2019
in Nachchaduwa area. Also it shows that a long term decreasing trend on water surface area
and tank capacities in tank cascade systems in Sri Lanka. (Kariyawasam, et al., 2021)

Another study has been carried out (Munasinghe , et al., 2009) in tank cascades of
Maradankadawala and Thirappane to study the impact of invasive plants on them. Four tanks
have been selected for the study, namely, Galkulama, Thirappane, Maradankadawala and
Thibbatuwewa in Anuradhapura district. Thibbatuwewa has been severely infested by
invasive aquatic plants, 57% of the total spread area, especially by Eichhornia crassipes,
Salvinia molesta and Typha angustifolia.

From the 30 ancient tanks out of 152 tanks in Panduwasnuwara area, all the plant species
recorded were 38 while 6 of them were invasive. As per the calculation of species
distribution, 26% of plant community consists of invasive plants such as Creeping Ox-Eye
(Sphagneticola trilobata), Diya para (Dillenia triquetra), Gandapana (Lantana camara),
Guinea grass (Megathyrsus maximum), Hambu Pan (Typha angustifolia) and Ipil (Leucaena
leucocephala). (Jayasinghe & Jayasinghe , 2022)
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Discussion

The oxygen supply and the sunlight penetration to the tank is prevented by the thick cover of
invasive aquatic plants and eventually leading to eutrophication to occur. The biomass of the
aquatic invasive plants is much higher and the decayed materials cause the reduction of tank
capacity. Some of the aquatic invasive plants need shallow water to breed and they tend to
grow near the banks of the tank. Due to that the tank tends to silt up eventually and the tank
capacity will be decreased.

The irrigable area or the command area of the tank can be affected by some other invasive
plants reducing the land area for cultivation. This tends to change the land use pattern in the
tank cascade system if cultivation does not take place for a few consequent years. The loss of
biodiversity in the eco system is not calculable and it will directly affect the lifestyle and
livelihood of the local community causing a distance between village life and tank cascade
systems.

Although there are only limited studies have been carried out regarding the subject, according
to the above discussion it is clear that not only the tanks in cascades but also the irrigable area
has affected by the invasive plants. The impact of invasive plants has shaped the existence
and development of tank cascade system in the dry zone negatively. Therefore, it is much
needed to consider the impact and measures to be taken to minimize the effects of invasive
plants on tank cascade systems in dry zone of Sri Lanka.
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Global Navigation Satellite System and Real-Time Kinematic (GNSS RTK) Technology

GNSS - RTK (Global Navigation Satellite System - Real Time Kinematic) technology is a
precise satellite navigation technique used in surveying and geodesy to obtain highly accurate
positioning data. It relies on a network of satellites, such as GPS (Global Positioning
System), GLONASS (Global Navigation Satellite System), Galileo, or BeiDou, to provide
real-time positioning information. RTK works by comparing the phase of the carrier signal
between a reference station with known coordinates and a rover receiver located at the target
site.

RTK improves the accuracy of GNSS positioning by using a network of fixed reference stations with
known positions. These stations continuously observe satellite signals and compute corrections for the
errors mentioned above. A mobile RTK receiver applies these corrections in real-time to enhance its
positional accuracy.

Static DGPS Receiver Rover DGPS Recenver

GNSS RTK technology is widely used in applications requiring precise positioning, such as land
surveying, construction, and agriculture. It offers advantages over traditional GPS by providing
centimeter-level accuracy in real-time, enabling more efficient, accurate data collection and
navigation. However, it requires a clear communication with multiple satellites and a nearby reference
station for real-time corrections.
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Components of GNSS RTK

GNSS Receiver GNSS Receiver

Handheld Controller

ROVER — ——BASE STATION

Tripod

"~ Carbon fiber pole \

A ) _|

GNSS Receiver: Receive Satellite signals and process the data. It should support multiple GNSS
constellations (GPS, GLONASS, Galileo, BeiDou) and may be single-frequency, dual-frequency or
multi-frequency, with the latter providing better performance.

Base Station: The base station is a stationary GNSS receiver placed at a known location with
precisely known coordinates. It receives signals from satellites and computes corrections for errors in
the satellite signals, such as atmospheric delays and satellite clock errors. These corrections are
transmitted to the rover receiver.

Rover: The rover receiver is a mobile GNSS receiver that receives signals from both satellites and the
base station. It uses the corrections received from the base station to enhance the accuracy of its
positioning calculations in real-time. The rover receiver continuously computes its position relative to
the base station, providing centimeter-level accuracy.

Handheld Controller: A handheld controller is a portable device used to interact with GNSS
receivers. These controllers are designed to provide users with a user-friendly interface for tasks such
as data collection, Visualization, navigation, and configuration of GNSS devices.

Power Supply: Both reference stations and roving receivers require power to operate. Depending on
the deployment location, power may be supplied through mains electricity, batteries, solar panels, or
other means.
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How base stations and Reference networks provide RTK corrections?

el GNSS
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Base station established on a known position with a GNSS receiver. It continuously collects
data from satellites and calculates its precise location using this data.

Reference Networks: Reference networks consist of multiple base stations distributed over a
region. These stations are geodetically surveyed and have known highly accurate positions.

Corrections Generation: Both individual base stations and reference networks generate
correction data by comparing their known positions with the computed positions derived
from satellite signals. This comparison helps identify errors and biases in the satellite signals.

Correction Types: The correction data typically includes information about errors caused by
factors such as atmospheric conditions, satellite orbit errors, and satellite clock inaccuracies.
These corrections are often provided in real-time to minimize the impact of these errors on
positioning accuracy.

Communication: Base stations or reference networks transmit correction data to rover
receivers through various communication methods, such as radio links, cellular networks,
internet connections, or satellite links.

Real-Time Corrections: Rover receivers receive the correction data from nearby base
stations or reference networks in real-time. They apply these corrections to their own
measurements to improve positioning accuracy.

Network Corrections: In the case of reference networks, rover receivers can receive
corrections from multiple base stations simultaneously. This allows for more robust and
accurate positioning, as the rover can select the best available corrections from multiple
sources.
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Continuous Updates: Correction data is continuously updated and broadcasted to rover
receivers to ensure that positioning accuracy is maintained as the rover moves within the
survey area.

By utilizing base stations and reference networks to provide real-time corrections, GNSS
RTK systems can achieve centimeter-level positioning accuracy, making them invaluable
tools in applications such as surveying, construction, precision agriculture, and autonomous
vehicle navigation. To sum up, base stations and reference networks are vital parts of the
RTK system, as they provide the real-time correction data needed to achieve centimeter-level
positioning accuracy. While a single base station can work in some applications, reference
networks offer a more scalable and efficient solution for larger areas or multiple users.

Benefits of GNSS RTK

High Accuracy: RTK provides centimeter-level accuracy in real-time positioning, which is
crucial for applications where precise positioning is required, such as surveying, precision
agriculture, construction, and machine control.

Increased Efficiency: With precise positioning information available in real-time, tasks can
be completed more efficiently. This is particularly important in applications like precision
agriculture, where accurate positioning can optimize resource usage and increase yields.

Improved Safety: In applications such as maritime navigation, aviation, and autonomous
vehicles, precise positioning provided by RTK enhances safety by ensuring accurate
navigation and avoiding collisions.

Cost Savings: While RTK systems may have higher initial costs compared to standard GNSS
receivers, they can result in cost savings over time due to increased efficiency and reduced
rework in applications such as construction and surveying.

Better Planning and Decision Making: Accurate real-time positioning information
provided by RTK enables better planning and decision-making processes in various fields,
including construction site layout, land development, and urban planning.

Compatibility and Integration: RTK systems are compatible with various GNSS
constellations, providing flexibility and redundancy in positioning information. They can also
be integrated with other technologies such as Geographic Information Systems (GIS),
machine control systems, and remote sensing platforms, enhancing their utility across
different applications.

Environmental Monitoring and Management: RTK positioning can be used for precise
monitoring and management of environmental parameters such as water levels, soil moisture,
and vegetation health, facilitating better environmental stewardship and resource
management.

67



Asset Tracking and Management: RTK-enabled GNSS receivers can provide accurate
positioning information for tracking and managing assets such as vehicles, equipment, and
personnel in industries like logistics, transportation, and mining.

Overall, the benefits of GNSS RTK technology contribute to improved efficiency, safety, and
decision-making across a wide range of applications, making it an essential tool in modern
positioning and navigation systems.

Mr.S.J.C.Sandaruwan
Engineering Assistant (GIS)

Eng. T.Suganthalingam

irrigation Engineer (ICT & GIS)
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