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I.

Introduction

Water resources are one of the first sectors that are affected by climate change. This blue gold, which is fresh water, is one of the ecosystems that strongly influences development in all sectors, including domestic life, agriculture and stock farming, industrial development and others. Several studies have been conducted in different regions of the world on the vulnerability of water resources to climate change. Animesh et al. (2012) analyzed the adaptation and vulnerability of water resources to climate change for the development of countries. The authors developed a generalized methodology framework for vulnerability analysis and a support for identifying measures that are preferable to adaptation. Other studies show that (Sullivan, C.A. and C. Huntingford, 2009) millions of people are at potentially high risk due to global change of all types. According to the authors, the demographic changes expected in the future, the great uncertainties related to the sociopolitical dimensions of global impacts, and the increase in climate change are among other reasons that increase the risk. J.E. Ospina et al. (2009) have shown that climatic variations result from global warming that must be included in studies and environmental impact assessments, in the sectorial level and in the planning, execution and scale of development projects. . Although understanding the behavior of water resources seems to be a very important methodology for development, in Comoros there are only a few academic studies that have superficially overflowed the subject Ben Zamyn(2010), Ben Zamyn (2014), CHAMOILLE(2013), MIRHANI(2014).

Hence the main objective of our study which is to make a scientific analysis of the vulnerability of the water resources of the Anjouan Comoros Island, communes by communes and then to a globalization of the results. In this article, we use the UNEP methodology (Yi Huang and Mangtang Cai, 2009) to study the vulnerability of a watershed in the commune of Ongojou Anjouan: the Hamlimba Comoni basin. Then some scenarios are simulated for the localities of the municipality who use this basin to study the supply and demand with Weap 21

II. Methods

The study of the vulnerability of freshwater resources by the UNEP (Yi Huang and Mangtang Cai, 2009) methodology uses the DPSIR (Driver, Pressure, State, Impact and Response) framework to assess the completeness of the effects of the most dominant factors in order to determine the performance of a system and the adaptability that can be achieved, take place as a result of changes in natural processes, socio-economic activities and institutional aspects. Thus, the methodology evaluates the main behaviors including population growth and urbanization associations, pressure parameters including the availability of water resources and deficits due to nature and human activities. Also pollutants from different sources especially wastewater. The impact should include the change in the state of performance in the water sector as well as the adaptability resulting from climate change; and other socio-economic activities; while the response parameter is estimated by the capacity of the ecosystem and the population to face the potential threat. The achievable detail threshold is dictated by the availability of data in terms of scale, convergence. The weakness or breadth of the analysis, the detailed details will be available in the variation of the vulnerability of fresh water influenced by hydrological systems, degree of socioeconomic activities and environmental conditions.

In this study we will evaluate the vulnerability index of the region for an interval of ten years.

II.1. Vulnerability index

Based on the UNEP methodology; the vulnerability index is a function of water availability, management and use of parameters (Yi Huang and Mangtang Cai, 2009). The vulnerability index is analyzed by applying a series of equations to estimate its four parameters as follows:

II.1.1. Resources stress (RS)

The water stress indicator is influenced by the availability and renewal of water resources and the consumption model according to population growth (RSS) and the parameter of water variation resulting from long-term variability Rainfall (RSV).

The overall influence of water resource vulnerability could be the quantity and quality of the water resource with their pressures expressed as stress and availability of water resources.

 water Stress parameters

The stress parameter for water resources can be expressed as the renewal of national or regional water resources per capita (person) compared with the internationally agreed water poverty index of 1700 m3 / person. Annual renewable water resource availability at the national or regional level is estimated by the ratio of renewable water resources to population size for a given year. As a result, the stress parameter of water resources can be expressed as follows:

{ 𝑅𝑆 𝑆 = 1700-𝑅 1700 (𝑅 ≤ 1700) 𝑅𝑆 𝑠 = 0 (𝑅 > 1700) (1) 
𝑅𝑆 𝑆 Stress parameter of water resources and 𝑅 water resource per person (𝑚3/ 𝑝𝑒𝑟𝑠𝑜𝑛𝑛𝑒)

 water variation parameters

Rain and snow are the main factors in the regeneration of surface water. In addition to this, the different surface flows are also parameters that should not be neglected.

The variability of water resources can be estimated by a coefficient of variation (CV) of a long rainfall record for a period of 20 to 50 years. The methodological guide (Yi Huang and Mangtang Cai, 2009) designates a set of rainfall for the CV as CV = 0.3 or as a CV> 0.3. When CV is greater than 0.3, it means a wide variation of rainfall in time and space while for a CV below 0.3 this implies a low variability of rainfall. The CV is estimated to be the ratio of the standard deviation along the rainfall records by the average rainfall as follows:

𝐶𝑉 = 𝜎 𝜇 (2) 𝜎 = √∑ (𝑃 𝑖 -𝜇) 2 𝑛 𝑖=1
𝑛-1

(3) 

𝜇 = ∑ 𝑃𝑖 𝑛 𝑖=1 𝑛 ( 

II.1.2. Water Development Pressures Parameters

The availability of freshwater resources in the regions is based on rainfall and recharge distribution patterns. High event frequencies may be the cause of an increase in the use of available water. The supply potential may decrease with increasing demand from different sectors and different sources of pollution, the degree of flow pressure variation in the development of water sources.

The water development parameter can be expressed by two variables designated by water exploitation (DPS) and safe drinking water accessibility (DPd). The water development variable is estimated by the capacity of the available water resources to meet the demand for domestic, industrial and irrigation water, while the water supply coverage is the percentage of the population covered by drinking water supply services. The water development pressures parameters is estimated by:  Water Exploitation (DPs)

The development of water supply is in line with the water infrastructure. Variable water use is estimated by the ratio of total water demand (WRs) (domestic, industry, irrigation) for a given year by the amount of renewable water resources available (WR) that consists of a sure of water surfaces and aquifers. The degree of exploitation of water is estimated as follows:

𝐷𝑃 𝑆 = 𝑊𝑅 𝑆 𝑊𝑅 (6)
Where, 𝐷𝑃 𝑆 Water resources exploitation 𝑊𝑅 𝑆 Total water supply (water demands) 𝑊𝑅 Total renewable water resources

 Safe drinking water inaccessibility

An agreement between the refueling cover and the availability of refueling water makes it easier to identify water needs and the distribution and treatment network for domestic water. Feeding coverage depends on the activities of the water resources, to meet basic water needs for the different strata of society. The shortage of safe water availability is estimated by the ratio of the percentage of the population lacking accessibility (Pd) to the size of the population at a given time as follows:

𝐷𝑃 𝑑 = 𝑃 𝑑 𝑃 (7)
𝐷𝑃 𝑑 Safe drinking water 𝑃 𝑑 Population without access to improved drinking water sources 𝑃 Total population

II.1.3. Ecological Health (EH) Parameter

The ecological hygiene parameter of water is the measure of the impact of the pollution of the different sources for the balance of the ecosystem and its protection. Arid ecosystems with low resilience require more time for regeneration or development at a reasonable stage of sustainability. This impact can be evaluated in two variables named respectively:

 Water pollution (EHp)
Pollution of water sources is estimated by the ratio of total untreated wastewater (WW) discharged into a water discharge system through the availability of total renewable water resources (WR). The amount of treated wastewater is estimated as the difference between the regenerated wastewater collected by the system and the wastewater that received treatment. In the Nioumakélé region most of the wastewater is discharged in the open and often directly into the water sources depending on the type of use (linen near the water sources). It results from the growth of the population. Indeed, human activities, urbanization and other socio-economic development activities have a direct impact on the deterioration and disappearance of aquifers in the Nioumakélé region. The natural landscape is directly modified by the removal of vegetation cover, which contributes to the modification of hydrogeological processes. The impact on the conservation of water sources becomes negative, which affects the vulnerability of water resources. The deterioration of the ecosystem is estimated as the ratio of the area of land without cover (Ad) to the total area of the country or region (A) as follows:

{ 𝐸𝐻 𝑝 = 𝑊𝑊 𝑊𝑅 0.1 𝑠𝑖 𝑊𝑊 < 0.1 * 𝑊𝑅 𝐸𝐻 𝑝 = 1, 𝑠𝑖𝑛𝑜𝑛 (8) 
𝐸𝐻 𝑒 = 𝐴 𝑑 𝐴 (9)
Where, 𝐸𝐻 𝑒 : Ecosystem deterioration parameter 𝐴 𝑑 : Land area without vegetation coverage (i.e., total land area except that covered with forests, pastures and cultivated areas) 𝐴: Total area of the country (or region)

II.1.4. Management Capacity (MC) Parameter

Freshwater vulnerability is improved by the implementation of effective management practices as it will contribute to water sustainability. The effectiveness of freshwater resource management systems can be assessed by the gap between water use efficiency and the standard global average efficiency index linked to the GDP contribution (Gross Domestic Product) via the use of one cubic meter of water for a selected country. Accessibility to improved hygiene is used as a typical variable to measure the management capacity of a system to compensate for improved subsistence in terms of hygienic coverage. The hygienic impact is estimated by the ratio of the population without easy accessibility to hygiene by the size of the population at a given moment. Conflict management analyzes the management capacity of shared water sources such as a river or aquifer to reduce cross-border disputes.

The vulnerability of the management capacity (MC) can be estimated by three variables which are:

 Water use inefficiency parameter (MCe)

According to the United Nations Environment Program (UNEP), the MCe variable is defined as the relationship between WEwm and WE difference from WEwm. The ratio is zero in case WEwm is greater than WE. Either the report: The conflict management capability of a river is based on the management of the system to avoid border conflicts. A good management system lies in institutional arrangements, formulation policies and good communication between policies of all kinds and users. The conflict management capability can be evaluated using the matrix shown in Table .1. The final score of the conflict management capability can be determined by an expert consultant.

{ 𝑀𝐶𝑒 = 𝑊𝐸𝑤𝑚-𝑊𝐸 𝑊𝐸𝑤𝑚 𝑀𝐶𝑒 = 0, 𝑠𝑖𝑛𝑜𝑛 𝑠𝑖 𝑊𝐸 ≥ 𝑊𝐸𝑤𝑚 ( 

II.2. The vulnerability index estimation of freshwater

The vulnerability index (VI) is estimated based on the consolidation of the values of the four main parameters mentioned in the previous paragraphs as follows:

𝐼𝑉 = 𝑓(𝑅𝑆, 𝐷𝑃, 𝐸𝐻, 𝑀𝐶) (12) 
It can be analyzed from two perspectives:

 First the main threat of the availability of water resources, their development and the dynamic use of water;  Secondly, the ability to cope with the potential of the national and regional threat of water availability.

The vulnerability index provided for a given year is a value between zero (not vulnerable) and one (extremely vulnerable) that determines the severity of pressure experienced in the water sector.

The vulnerability index is defined by the relation:

𝑉𝐼 = ∑ ⟦(∑ 𝑋𝑖𝑗 * 𝑊𝑖𝑗 𝑚𝑖 𝑗=1
) * 𝑊𝑖⟧ 

III. Results and discussions for the Hamlimba River Basin

The Hamlimba Basin is located in the village of Comoni of Ongojou Commune. This basin feeds three localities of this municipality which are: Comoni, Mirondroni and Kyo. Applying the methodology described in the previous paragraphs we have obtained the results summarized in Table .3 following for the year 2017. We have developed a computer program written in Matlab language to automatically generate the results at the input of the data.

On the results of this table we can see a very high value of water stress (0.9999). This shows us a high vulnerability of the renewal of water resources in the Halimlimba basin. As for the variability of water resources (RSv), it is observed that it tends almost to zero. This parameter is evaluated for the last five years preceding 2017. This may be justified by the low variability of the rains for these years. For the pressure parameters, it can be seen that there is a low exploitation of the basin (DPs low), on the other hand it can be seen that the localities using the basin have serious problems of accessibility to water (very high DPd ). Indeed in these localities, water is supplied with difficulty from other localities in most of the year.

As for the ecological hygiene parameters, we can observe a low pollution of the basin resources (low EHp). In fact very far from the houses, this basin is found squarely isolated in full nature. And since this pollution parameter is evaluated on the basis of wastewater, this result is well justified. As for the deterioration of the ecosystem (EHe) we can observe an average deterioration. Indeed the basin is still a good vegetation cover, however measures must be taken for the safeguarding of the ecosystem which according to the regulars of the places does not have the same vegetal cover as before. As for conflicts, there are almost no conflicts related to this basin. It can be seen on the MC values obtained.

By summarizing the results of the different values of the different categories, we obtained a vulnerability index equal to 0.3076. According to Table 2.2, we are in the case of basins with medium vulnerability. Indeed, we have seen it in the different categories of evaluation of the vulnerability index.

IV. WEAP21 results simulations and discussions

The Halimba Basin feeds three localities of Ongojou commune. In our application scenarios, we will study the integrated management of the resources that feed these three localities. It is more precisely south-east of the island of Anjouan at about 12 ° 19 'south latitude and 44 ° 31' east longitude.

Figure 1. Halimba localization(Google Earth)

IV.1. Basin water resources

IV.1.1. Availability in quantity of water resources

The resources of this basin consist of groundwater, surface water, evapotranspiration and rainwater. In the following we will evaluate their quantities by analyzing the results given by the option "Distributions of resources" and at the watershed level in the display of the results of WEAP21.

IV.2. Needs assessment for the baseline scenario

In this work, we encountered several difficulties that are due to the unavailability of data. As a result, we simulated only a few scenarios according to the available data.

The data used in all subsequent simulations were obtained at the UCA and / or the Mrémani weather station.

In this work, the reference scenario is in 2003. The future projection horizon considered is 2030. The graphs in Figure. It can be seen in Figure 2 that the demand for water from the site is increasing over the years. The observed recovery rate decreases considerably over the years (Figure 3). This shows us that the reserves of the Hamlimba Basin will be insufficient in the coming years and will not be able to satisfy future populations that are constantly increasing.

IV.3. Water needs assessment for created scenarios

The figures 4, 5 and 6 inform us about the needs for the high growth scenario of the site population.

It can be seen in Figure 4 that the demand for water on the Comoni site and its surroundings increases as it goes up to 200000m3 by 2030, just for domestic use. In the case of high population growth (in our study the rate varies from 2.2% to 5%), and an extension of the dry climate (due to the fact of climate change), the nonsatisfied water demand can reach 210,000m3 by 2030 (Figure 5). the recovery rate recorded under these conditions is 2% in 2030 (Figure 6). This rate decreases sharply over the years. As for Figure 7, it tells us the water distributed according to the scenario. We can see a clear decrease in the water distributed on the site. It must be noted that between September 2009 and September 2012 there is almost no water supply in Comoni and its surroundings. Its results reflect the reality we have seen on the ground. During these periods, in Comoni and its surroundings, residents are forced to buy water from other localities to stock up. We find the same facts in November 2017, between August 2021 and November 2023 and August 2030. These shortages are due to the very dry season that prevails in the locality and that we took into account as variability of climate change in our simulations.

Table 1. Conflict management capacity parameter matrix (Yi Huang and Mangtang Cai, 2009) Table . 2. Reference sheet for interpretation of Vulnerability Index (Yi Huang et al., 2009) 

Conclusion

In this work we have studied the vulnerability of Nioumakélé's water resources. One area, particularly attracted our attention: Hamlimba which feeds three localities of the commune of Ongojou. The results of the study show that the Nioumakélé region is subject to permanent and irregular climatic variability, which affects the resources of the region. The vulnerability index evaluated for the Hamlimba basin shows us that the vulnerability of the basin to date is average. However, some variables in the vulnerability index are very vulnerable to others. This medium vulnerability requires action by politicians and communities to avoid the worst in the years to come.

By expanding the Hamlimba resource management study for the three localities, we found that although the basin's vulnerability is average, the demand for water in the localities is unsatisfied.

According to the different scenarios that we have considered in this study, if measures are not taken the demand will believe at the same time as the dissatisfaction.

The basin still has exploitable resources, but management methods need to be considered and put in place to meet demand in the long term. Among the remarks we made during our field visits, storage tanks that have been around for years have insufficient capacity in relation to the current demand. Thus, we must think to build new tanks to remedy it.

Awareness campaigns must be made by the authorities and the various actors to change the mentality on the management of water. Indeed, during the rainy season, the demand is satisfied but it is clear that the amount of water lost is much higher than the amount of water used. Faucets flowing 24 hours a day. this lost water could be stored and used during the dry periods when the citizens of these three localities are still obliged to import water in very remote and very expensive localities. Among the accommodations we can recommend are:

 Improve local sanitation systems,  Establishment of an integrated water resources management system,  Involve hydraulics and hydrology specialists in schedules and strategies to ensure the technical reliability of the systems  Etc.

We can also recommend the WEAP21 software which is a good tool on integrated management planning.

In this study we have just studied domestic water needs, although a good amount of water is used in agriculture and livestock. Thus, as an extension of this work, we plan to extend the study for agricultural needs. We also think of studying the vulnerability of all the resources of the region.
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  resources variations 𝑃 𝑖 Precipitation of 𝑖 𝑡ℎ year (mm) 𝜇 Mean rainfall for the data record 𝜎 Standard deviation 𝑛 Nomber of year

  𝐸𝐻 𝑝 Water pollution 𝑊𝑅 Total renewable water resources 𝑊𝑊 Total wastewater  Ecosystem deterioration (EHe)

  10) 𝑀𝐶𝑒 : water use inefficiency 𝑊𝐸 : GDP value produced from one m3 of water 𝑊𝐸𝑤𝑚 : mean WE of selected countries

  2 and Figure.3 show the evolution of the water demand and the recovery rate respectively for the reference scenario up to 2030.

Figure 2 .

 2 Figure 2. Water demand for reference scenario

  

  

  

  

  

  

  

  

Table . 3

 . . calculation of Vulnerability index of Hamlimba River Basin (Comoni)

	Category		Resources	Development	Ecological	Management
			Stresses		Pressure		Health		Capacity
	Parameters	RSs	RSv	DPs	DPd	EHp	EHe	MCe MCs	MCg
	Calculated		0.9999 0.0	0.0061 0.9500 0.0406 0.2000 0	0.4000 0
	Weight	in	0.50	0.50	0.50	0.50	0.50	0.50	0.33 0.33	0.33
	category									
	Weighted		0.49995 0	0.0305 0.475	0.0203 0.10	0	0.1320 0
	Component	0.49995		0.47805		0.1203		0.1320	
	Total									
	Weigth	for	0.25		0.25		0.25		0.25	
	Category									
	weghted		0.1250		0.1195		0.0301		0.0330	
	Overwall				0.3076					
	score (VI)