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Abstract: Water security embraces both the reliable access to adequate water and the effective protection from hydrological 
hazards. This has major implications both on the standards required from water infrastructure systems and on the 
outcomes of the risk assessment. In this paper we demonstrate how such risk assessment should be framed. Our 
analysis is focused on the country of St. Lucia, a Caribbean Small Island Developing State (SIDS). First, we analyse 
current climate variability, and how its potential change may pose threats to the reliable access to water provision. 
Second, we explore different multi-hazard scenarios of (1) future water demand; (2) constrained water availability as 
a result of prolonged drought spell; and (3) disruption of water infrastructure (e.g. compromised water retention due to 
soil erosion and siltation). Our results sustain the argument that the achievement of water security should not be 
reported only in terms of services access, but also in terms of secured service provision under the conditions of 
predetermined hazard scenarios. 
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1. INTRODUCTION 

The concept of Water Security (WS) was first introduced as “the reliable availability of an 
acceptable quantity and quality of water for health, livelihoods and production, coupled with an 
acceptable level of water-related risks" (Sadoff and Muller, 2009). The UN (2013) broadens this 
definition to include the preservation of the ecosystem and to specify that water security is critical 
for political stability. The way WS affects the development process is well explained putting it in 
relation with the achievement of the Millennium Development Goals. First, food security (MDG1) 
is strictly dependent on water security in the development process. Second, access to clean 
freshwater and wastewater management in human settlements reduces the risks of diseases 
(MDG6). The adequate treatment of wastewater contributes also to lessen the pressure on the 
ecosystem (MDG7). Ultimately, the ability to cope with the risk of water-related hazards and to 
guarantee reliable water supplies is a basic need for a healthy socio-economic development 
(MDG8). 

WS, however, cannot be achieved without proper governance-regulated capacity development 
and properly planned, operated and maintained water infrastructures. In many Small Island 
Developing States (SIDS) water security has been historically a challenging task due to their small 
geographic extension, isolation and limited water storage capacity. In fact, the water balance of 
island countries depends on an a unique and sensitive hydrological system (Falkland et al., 1991) 
which is strongly influenced by the island geomorphology, soil  vegetation, climate variability and  
human activity, including withdrawal of water and pollution (Falkland, 2012). Most SIDS located 
between sub-tropical latitudes are highly exposed to both prolonged periods of deficient 
precipitation and intense storm events, resulting respectively in periods of water scarcity and flood 
events. For this reason, climate change is acknowledged as a major threat to WS in these countries, 
as it may affect rainfall regimes and the frequency of extreme events (Chen et al., 2008). 
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2. CASE STUDY 

The Windward Islands consist of a small group of countries located in the south-eastern part of 
the Caribbean region, known as Lesser Antilles. Among them, Saint Lucia (SLU), shown in Figure 
1, is the country selected as our case study. SLU is not the most water-stressed island of the region 
(CEHI 2002), as almost the whole population is reported to have access to the resource (FAO, 2012; 
World Bank, 2012a, 2012b), yet the water system is not capable of ensuring water security 
throughout the whole year (Cashman et al. 2009; Amadio 2014). This country is based on a 
volcanic island covering an area of 620 km2. It consists of a central high plateau, the wettest area, 
dropping to the sea through undulated plains or steep cliffs. As the river network drains radially 
from the island’s center to the coast, rainfall runoff quickly discharges into the ocean. Local 
population always relied on rainfall as a source of water, though the lack of important natural water 
reservoirs does not help for abundant long-term rainwater capture. However, the island have 
perennial streams due to low rock permeability (Falkland, 2012). Few groundwater resources 
infiltrates in the fractured basaltic rock, but their importance for human use is marginal due to 
quality issues and abstraction costs (Government of Saint Lucia, 2009). 

 

Figure 1: Island of Saint Lucia. Empirical data from rainfall stations and gauging sites are employed to assess the 
status of water availability. 

In SLU the entire population (182,000 people in 2013) has access to drinking water, mostly 
through pipe connections. In addition to local population demand, SLU has approximately a 5,000-
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rooms touristic capacity, mostly located in the north of the island. In the last years tourism annual 
presences in SLU increased to about 350,000, contributing for about half of the country GDP. 
Assuring water security to the tourist sector is identified as a major problem, especially during the 
dry season which coincides with the cruise ships arrivals. As tourism grows, so does the demand for 
freshwater and the pressure for pollution control and maintenance of water security (UN, 2011). To 
avoid dependency on the public water provision system, several hotels installed water-saving 
devices and private desalination plants (Springer, 2005). SLU’s freshwater supply is produced by 
four major Water Supply Systems (WSS) and some nineteen minor WSS (World Bank, 2014). The 
Roseau catchment is the largest in SLU and one of the most important with regard to water supply. 
The raw supply goes from the abstraction points to the treatment plants for filtration and 
disinfection and then is pumped in the water network (Caribbean Environmental Health Institute, 
2008).  

The John Compton Dam in the Roseau catchment (∼15 km2) represents the major drinking water 
storage capacity. It provides water through the Theobalds WSS to the north-western region, where 
the  capital city of Castries and most of tourism activities are located (GIZ, 2014). This system 
produces an average of 34 thousand cubic meters of potable water per day (0.33 m³/s), which is 65 
per cent of the island’s total production (53 thousand cubic meters) (World Bank, 2014). The dam is 
operated by the Government of SLU through the national Water & Sewerage Company Inc. 
(WASCO) and can accommodate three million cubic meters of water. However, the accumulation 
of sediments has reduced the system’s capacity to provide raw water and siltation has become a 
significant problem. Following Hurricane Tomas in 2010, the dam was compromised by 1.1 million 
cubic metres of silt. The December 2013 storm worsened the situation, bringing the level of silt to 
1.5 million cubic metres (World Bank, 2014). Since then, no actions have been taken to restore the 
full capacity of the dam, thus reducing long term water storage. Furthermore, the base outlet is 
covered by silt and thus not working. The dam has two intakes for drinking water, out of which 
only the upper one is working. As this is the only operable outlet, there is no control over flood 
retention during major rainfall events (GIZ, 2013). Basically, the dam basin is full most time of the 
year up to the Full Supply Level (FSL) and spillage takes place as inflow exceeds the drinking 
water extraction, thus increasing the risk of damage to the structure. 

Natural disasters impacts water infrastructures and cause interruption of the distribution network, 
but land use change can also affect water availability. Agriculture in SLU is mostly rain-fed, with 
only 10 per cent of crops irrigated. Because of this, it does not have a direct impact on the demand 
from the distribution network, but it can affect the availability of supply. In such high islands with 
moderate or steep slopes, the removal of trees causes erosion and faster rainfall runoff, resulting in 
reduction of groundwater filtration, loss of soil and increased transportation of sediments 
overloading water treatment plants (Falkland et al., 1991). Banana production covers half of the 
cultivated fields, which are predominately located from the mid to the upper section of the 
watersheds. But fields are gradually spreading at higher elevations using slash and burn and 
herbicide application (FAO, 2012), contributing to a significant reduction of forested areas. In fact 
from 2000 to 2011 about 5.3 km2 of forest have been lost in SLU (Google, 2011). Another critical 
issue is water leakage, since the average non-revenue water* (NRW) peaks 56 per cent in SLU 
(GIZ, 2014). This loss can happen due to real leaks, or non-paid withdrawals. 

There are two sewerage systems in Saint Lucia, one in the capital city of Castries serving part of 
the residential area, and the other in Rodney Bay serving primarily the tourist area; the latter is 
currently underutilized running only at 40% capacity over a potential of 3,000-4,000 people. 
However, the majority of residents in SLU utilize individual on-site systems (pit latrines and septic 
tanks) for sewage treatment and disposal. Grey water is generally discharged to open drains and has 
the potential to spread disease since it contains fecal coliforms, although SLU compels with quality 
standards 95 per cent of times (GIZ, 2014). 

                                                
 
* Treated water “lost” between the production plant and the customers. 
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3. METHODOLOGY 

Effective management aimed at water security requires an analysis of both the supply and 
demand patterns and the climatic and non-climatic drivers that influence them (Sadoff and Muller, 
2009), though the amount of rainfall over the island is the first limiting factor of availability. The 
availability of freshwater in SIDS countries can change due to effect of different stressors: 

§ Altered precipitation, runoff and recharge patterns and rates leading to increased drought 
periods frequency, intensity and duration. 

§ Increase in sea level, erosion of coastal systems and salinization of aquifers. 
§ Increase in storms frequency and intensity, with tidal extremes and storm surges causing 

inundation and disruption of water infrastructures. 
§ Increase in deforestation rate, amplifying soil erosion and reducing infiltration. 
§ Issues in the management and distribution of the resource (leakages, pollution). 
§ Increased national water demand due to socio-economic factors, such as population growth, 

tourism trends, agricultural activities. 
 
Figure 2 provides a framework relating climatic and non-climatic drivers and stressors as 

affecting freshwater supply and quality or freshwater demand. 

 

Figure 2: Conceptual framework linking climate change, water resource availability and socio-economic demand in the 
Caribbean sub-region. Red boxes indicate the stressors or hazards influenced by climatic or non-climatic drivers. 

To assess potential change in future water availability, the three most critical drivers identified 
for SLU are investigated to understand their current and future variability: 

1. Change in National Water Demand (NWD) from population and activities; 
2. Change in rainfall regime (prolonged drought); 
3. Change in storage and distribution (reduction of network capacity due to extreme events). 
 
Potential changes in demand are assessed on the basis of consumption trend analysis and Shared 

Socioeconomic Pathways (SSPs) scenarios developed by IPCC (Edenhofer et al., 2012). Records of 
water revenues per consumption category (households, activities, hotels and ships) have been made 
available from WASCO for the period 2006-2013. Potential variation of natural availability is 
assessed on the basis of past rainfall trends and on projections of future variability from the 
PRECIS Regional Climate Model (RCM) forced by the HadAM3P GCM (CCCCC 2007; Centella 
et al. 2007). The available records of both monthly and hourly temperature and rainfall data from 34 
weather and 20 gauge stations are first compared and corrected for consistency, and spatial gaps on 
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rainfall distribution are fixed through interpolation using IDW method. The elaborated record are 
employed to build a baseline for seasonal variation and rainfall distribution around the island. 
Hourly recorded data, together with hi-resolution DEM, are used to set up a Gridded 
Surface/Subsurface Hydrologic Analysis model (GSSHA) as described in Dell’Aquila et al. (2014) 
to translate rainfall into runoff discharge for major basins. The GSSHA model is fed with the RCM 
output on scenario A2 to simulate climate change impacts for major catchments. The baseline is the 
mean value from the simulated discharge outputs for the period 1961 to 1989. The potential impact 
of extreme events on network capacity is assessed through the analysis of water volume balance for 
the John Compton dam storage on current and future discharge conditions. Reservoir water levels as 
well as spillage are, with the exception of drinking water extraction, purely a function of the basin 
inflow. Monthly rainfall records at Millet station are averaged on a twelve year period (97-09) and 
used as baseline scenario to build a simply hydrological balance model that investigates the water 
storage management. Volume balance between inflow and outflow is computed for the baseline 
scenario. Inflow volume is calculated as the monthly mean total rainfall multiplied by the catchment 
area, minus the evapotranspiration potential (ET0) estimated by “CROPWAT” (FAO, 2013) from 
temperature data recorded at Millet station. The soil has low permeability potential, thus infiltration 
is not computed and ET0 accounts for all the reduction in water discharge. Finally, runoff variation 
from the RCM forecast is employed to simulate a change to the dam input flow and estimate 
potential climate impacts on seasonal water availability. 

4. RESULTS 

4.1 Change in national water demand 

NWD includes all sources of consumption in the island, though only revenue water can be 
quantified from records. Demand from households is the largest among all sectors, and it is slowly 
growing despite the population trend being almost flat today. Per capita average consumption is 
about 140 liters per day, equal to 50 m3 per year. In most of the areas, average daily production 
covers the needs of domestic and commercial activities, although this measure cannot represent 
seasonal changes. In fact, during the dry season daily per capita consumption is limited below 50 
liter in water scarce area. Water rates are differentiated on the basis of costumer category and 
overall consumption, with domestic price being the lowest (data by WASCO). Figure 3 shows 
monthly freshwater consumption statistics for 2012-2013. 

 

Figure 3: Monthly water consumption in thousand m3 for 2012-2013 in SLU from households and commercial plus 
government institution. Hotels and ships show relatively small consumptions. Source: SLU central water authority, 

2013. 

The monthly total consumption highlights small season effect (STD 12%). Overall, demand is 
increasing as the country is developing. Even though population is projected to decrease in four 
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over five SSP scenarios (Moss et al. 2010), this may not necessary translate into a decrease in water 
demand, as per capita consumption is also growing, though there are insufficient records to build a 
trend. Assuming that the highest population growth scenario (SSP3) would proportionally translate 
into the highest water demand scenario, we can project the range of change for households water 
demand up to 2100 assuming the current per capita consumption, as shown in Figure 4. 

 

Figure 4: Total daily water consumption projections from households in SLU based on SSP scenarios assuming 140 
liters per day as per capita consumption. 

Hotels and ships together account for about 20% of total freshwater consumption. Per capita 
consumption by tourists is estimated four to five times higher (about 650 liters) compared to local 
households. However, there is no evidence to quantify a shift in touristic demand without assessing 
both the potential increase in tourism capacity in the next decades, which is dependent from market 
fluctuations and other hardly predictable factors. Because of this, and since the average of 
demographic scenarios indicates a small change in the demand from residents, NWD is assumed 
unvaried for both present and future scenarios. 

4.2 Change in rainfall regime 

Climate change literature on this sub-region is limited but observational records for the whole 
Caribbean region (Mimura et al. 2007) report a 30-years warming trends ranging from 0.24°C to 
0.5°C per decade and a slight decline in rainfall for the 1971 to 2004 period. Seasonal effect 
coupled with climate variability can cause up to a 40 per cent reduction in water supply during the 
dry season (Cashman et al. 2009; Cashman 2013), as in Figure 5. 

 

Figure 5: Monthly total mean, maximum, minimum and standard deviation rainfall data, period of recording data 
1982-2013. Mean value represent the baseline and show the two seasons: wet and dry. 

10	

15	

20	

25	

30	

35	

40	

1960	 1980	 2000	 2020	 2040	 2060	 2080	 2100	

10
00

 [m
3 ]	 Baseline	

SSP1	
SSP2	
SSP3	
SSP4	
SSP5	
Avg	

0	

200	

400	

600	

800	

[m
m

]	

Monthly mean rainfall	
MEAN	

MAX	

MIN	

µ + σ	

µ - σ	



European Water 47 (2014)   51 

 

Downscaled projections of SRES A2 and B2 climate scenarios produced by PRECIS-RCM for 
2071-2099 suggest a warming between 1 and 5°C and small reductions in rainfall in the eastern 
Caribbean, even though with some uncertainties. With the exception of the northern latitudes, most 
of the Caribbean can be up to 25 per cent drier in the annual mean by 2080 under both A2 and B2 
scenarios. The decrease ranges from 25–50 per cent and is largest over the Lesser Antilles and the 
south-central Caribbean basin. There is no unambiguous agreement that climate change will cause 
an increase in extreme weather events on SIDS. In general, an increase in the intensity and duration 
of tropical storms has been identified, though they are strongly dependent from ENSO inter-annual 
variability, which limits the evaluation of these trends (Mimura et al. 2007). 

Under the HadAM3P A2 scenario, the output from the GSSHA model shows how the projected 
decrease in precipitation can affect the discharge of major river basins (Figure 6). The difference in 
discharge outputs among basins reflects different soil conditions and land use. The monthly 
distribution of discharge identifies a minimum in March and a maximum in September. In the 
climate change scenario this trend is even more evident, together with a decrease in the average 
discharge both as value and as trend. The mid-range flow may decrease up to 50-60 per cent. The 
smaller basins such Troumasse, Canelles and Vieux Fort will be the most exposed to drought 
conditions. 

 

 

Figure 6: Discharge rates for major river basins from the GSSHA model fed by simulated baseline 1961-1989 (above) 
and climate projections for 2071-2089 (below). 

4.3 Change in storage and distribution 

Monthly total rainfall data recorded at Millet station are used to compute the average year, 
employed as baseline scenario (Figure 7, left) to assess water balance for the John Compton dam. 
To supply the distribution system, the reservoir has to store a minimum volume of water that allows 
the water extraction during the year. In Figure 7 (right) the thick line represents the outflow as the 
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average outtake for consumption, while the thin lines represents the inflow calculated as the rainfall 
input minus the water lost by ET0. If the outflow exceeds the inflow, there is not water availability 
and the reservoir must supply it. In order to do that, the dam must have stored in February a volume 
equal to V1. 

   

Figure 7: Mean total monthly rainfall and monthly ET0 (left); volume balance for the John Compton dam on current 
scenario for case A (1.5 million m3 capacity), and case B (3 million m3 capacity) (right). 

V1 can be found summing the difference between inflow and outflow in those months in which 
the natural inflow could not allow to balance the outflow, in this case March, April and May. The 
computation is made for Case A, which represents is the current situation of halved capacity (1.5 
Million m3) and Case B, assuming the designed volume (3 million m3). V1 results about 1.7 million 
m3, greater than current capacity (case A). The designed volume is able to store this threshold 
volume and allows water abstraction throughout all year, while the reduced volume of case A 
cannot guaranty supply during the dry season, especially if the rainfall input is similar to those of 
2001, when a drought hit the country (Figure 8). 

 

Figure 8: Comparison of stored and lost volumes in the Roseau reservoir on current scenario. The black line represents 
demand water outflow, V storage represents the max allocable volume in the dam reservoir and V lost represents water 

lost due to overflow of the max allocable volume set as 2.25 million m3 (partly silted). 

The risk of service interruption due to drought is higher considering a climate change scenario 
for the period 2071–2099, despite demand kept unvaried from baseline (Figure 9). Within the driest 
simulated year, total annual rainfall volume may cover the demand only if properly stored during 
the previous wet season, while on current storage conditions most of this volume is lost to runoff. 
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Figure 9: Volume balance for the John Compton dam on climate change scenario for case A (1.5 million m3 capacity), 
and case B (3 million m3 capacity) (left); stored and lost volumes for Roseau Reservoir under climate change scenario 

(driest year) (right). 

5. CONCLUSION 

The comparison between annual average freshwater production and consumption does not 
evidence strong insufficient natural availability of freshwater in SLU. Water production increased 
proportionally to demand, which is driven mostly by households’ consumption. The problem is 
mostly related to the efficiency of the water network: both distribution and storage functional 
capacity are reduced by half, partially due to the impact of natural hazards such hurricanes. 
Currently, entire districts are exposed to risk of interruption of network after disastrous events. 
Under a climate change scenario, annual rainfall is projected to decrease leading to an overall 
reduction in river discharge. Dry periods may become longer, as much as rain season may become 
shorter and more intense, putting water supply at risk. Assuming no significant changes in demand, 
in accord with the average SSP scenario, water supply up to 2100 may be insufficient to fulfill 
demand during the dry season, while considering the faster growth scenario (SSP3) water scarcity 
may occur even without extremely dry conditions. Results from the assessment of volume balance 
for the John Compton dam suggest that the Roseau basin is vulnerable to drought due to reduced 
storage capacity under baseline scenario, while if the dam designed volume is restored, it could 
bank sufficient freshwater to meet current demand during dry spells. However, in the driest year of 
the warmest climate scenario neither current maximum volume storage nor the designed volume 
would be able to cope with water demand during the dry season, although the optimization of the 
distribution network efficiency to reduce NRW would majorly affect this outcome. 

In terms of water security, SLU have the potential to guarantee water service to livelihoods, 
touristic and productive activities. However, the reliability of service is put under threat by climate 
variability and network inefficiency. If no action is taken to enhance resiliency to natural hazards by 
improving long term storage and reducing water losses, water security is likely to be increasingly 
impacted in the next decades even under current demand scenario. 
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