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1. Introduction and background

This report has been prepared for the Netherlands Climate Assistance Programme (NCAP). Specifically, this report synthesizes information about water scarcity issues in the Sadah Basin in fulfillment of Output #2 of the Yemen workplan entitled: Synthesis report of current vulnerability, livelihood and hydrologic issues in the case study area, including findings of stakeholder consultations and relevant data collected. 


Discussions among a group of stakeholders have yielded a clear consensus that the primary focus of the NCAP project in Yemen should be on water scarcity. As part of implementing NCAP Project activities in Yemen, EPA has contracted WEC to undertake the three specific case studies, Sana’a, Sadah and Aden regions, focusing on determining the current and future vulnerabilities of the urban communities to climate change-induced water scarcity, and evaluating the appropriate adaptation strategies to address these vulnerabilities (refer to TOR). This report is one of a series of reports dealing with the Sadah case study only. More specifically, the report will only deal with the current vulnerability of water resources to climate change in Sadah Basin area, relying mainly on the analysis of the available data collected, and supported by some initial findings solicited from stakeholder meetings and consultations.   

Sadah Basin is considered one of the intermountain basins of Yemen, situated in the western highlands of Yemen at a distance of about 250 km north of Sana’a, the capital city of Yemen. Sadah town and vicinity occupies roughly the southeastern portion of the basin, and is considered the administrative center of the Governorate of Sadah. The basin is characterized by a low lying plain that extends in a southeast-northwest direction occupying part of the catchment of Wadi Marwan, a tributary of Wadi Najran, which drains into the Empty Quarter (Figure 1). With an elevation ranging from 1840 to 2050 meters above mean sea level (m + m.s.l), the plain slopes with a gentle gradient (0.5% - 0.2%) towards the southeast where it collects in the stream channel of Wadi Marwan, flowing in a northerly direction into Wadi Najran. The plain is surrounded by dissected, mostly steep and bare mountains reaching in elevation up to 2750 m+m.s.l. 

Sadah Basin area is classified as mountainous semi-arid, with rainfall as sporadic and scanty and storms are usually short, intense and local. The average annual rainfall within the basin for the period of 1983± 92 was about 138 mm with a standard deviation of 50 mm. There is no evidence of severe droughts in this period. In 2004, the accumulated rainfall was 90.9 mm. In general, there are two peaks of rainfall during the year: March± May and July± August. Evaporation far exceeds precipitation during most of the year. Evapotranspiration is very high in the basin owing to its arid nature; the annual value is about 2280 mm. The populations of Sadah Plain alone were estimated to be around 230,000 and 240,000 inhabitants in 2002 and 2004 respectively (NWRA), and may have reached up to 309,000 in 2006 (Soil and Water Conservation Project, 2006; Sadah-branch manager consulted) 1. 

In the late 1970s, the socioeconomic development in the country emphasized the development of irrigated agriculture in Sadah Basin. At such time, and to boost the rural economy, groundwater development and use were encouraged, mainly to supply water for agriculture. Ever since, irrigated agriculture has replaced rain-fed agriculture as the major economic activity in the area. Citrus crops and vegetables are the main agricultural products, although declining significantly in recent years due to inability of farmers to deal with some crop diseases that have damaged a great number of productive trees in the plain (Agriculture Office, Sadah branch, 2006-manager consulted) 2. 

The well-recognized problem in Sadah Basin is the over-exploitation of the groundwater resources, leading to groundwater depletion. The scanty and low annual precipitation caused a noticeable decline in spate flow into the valleys that drain to Sadah Plain, and as result, real flow is rarely observed. For such reasons, replenishment of groundwater is highly limited and the groundwater use is found to be exceeding the recharge rate, and about 98% of the available water in the plain is used for agriculture (DHV, 1993a) 3. Moreover, the problem is exacerbated by the inefficient use of groundwater resources in irrigation practices. In such situation, the groundwater resources in Sadah Basin are more likely to be vulnerable to climate changes, and hence, the living communities (rural and urban) are prone to face water shortages induced by current human practices and future climate changes. Therefore, a need to identify the current vulnerability, livelihood and hydrologic factors in Sadah Basin is a pressing issue, and consultation with stakeholders along with the review and analysis of previously published reports and studies will contribute significantly towards the identification, planning, implementation and monitoring of an adaptation strategy in the basin, which are the forthcoming steps or duties to be undertaken in the course of this study (Refer to detailed Workplan and TOR).

Vulnerability, according to the report of working group II of the Intergovernmental Panel on Climate Change (IPCC) 4 (2001), is defined as “the degree to which a system is susceptible to, or unable to cope with, adverse effects of climate change, including climate variability and extreme events”. Vulnerability is said to be “a function of the character, magnitude and rate of climate change and variation to which a system is exposed, its sensitivity, and its adaptive capacity”. Working group II, also added, that “natural and human systems are expected to be exposed to climatic variations such as changes in the average, range, and variability of temperature and precipitation, as well as the frequency and severity of weather events”. Moreover, “Systems also would be exposed to indirect effects from climate change such as sea-level rise, soil moisture changes, changes in land and water condition”. The sensitivity of a system to these exposures depends on system characteristics and includes the potential for adverse and beneficial effects. The potential for a system to sustain adverse impacts is moderated by adaptive capacity. The capacity to adapt human management of systems is determined by access to resources, information and technology, the skill and knowledge to use them, and the stability and effectiveness of cultural, social, and governance institutions that facilitate or constrain how human systems respond.” The IPCC working group II also stated clearly “that countries in which water use is more than 20% of their total potential resources available, typically the case of Yemen, are expected to experience severe water stress during drought periods.  In such countries of arid or semi-arid climate, the surface runoff is expected to decrease drastically under projected climate change Scenarios.”

2. Objectives of this study

The objective of this study is to evaluate the current vulnerability of water resources to climate change in Sadah Basin area, with broad inputs solicited from stakeholders meetings and consultations. 

3. Approach, methodology and tools

To meet the objective mentioned above, the following activities were undertaken:

The available and relevant data on poverty and social indicators, water use and sources, surface runoff, surface and groundwater availability, groundwater depletion and management, crop production areas, soil cover, maps, and meteorological information were gathered from the following sources:

United Nations Development Programme (UNDP) reports, Yemen.

Intergovernmental Panel on Climate Change (IPCC) reports.

Water and Environment Center (WEC) reports, Yemen.

Master thesis document on Sadah (Rafik Al-Sakkaf).

Central Statistical Organization (CSO) reports, Yemen.

Reports from Environment Protection Authority (EPA-Yemen), National Water Resource Authority (NWRA-Yemen), and other concerned parties. 

Reports from United Nation Framework Convention on Climate Change (UNFCC).

Consultation meetings were conducted with stakeholders in Sadah town and vicinity areas during a period of three days (12-15 Dec, 2006). Stakeholders concerns regarding issues of water scarcity were identified and noted via individual and group discussions with a general guidance from MCA-WEAP software elements. Some recent comments and data from few stakeholders are to be collected yet. Also, some stakeholders in the main offices in Sana’a city were not consulted yet.

Stakeholders that were consulted in Sadah town and vicinity areas included the following:

· Mr. Hadi Kurai, EPA branch manager.

· Eng. Yahia Al-Sharafi, NWRA branch manager

· Naser Al-Yazidi, Local Water&Sewage Authority (LWSA)-branch manager

· Eng. Abdulsalaam Amer, Soil &Water Conservation Project manager-World Bank supported

· Eng. Abdulla Rajeh, Agricultural office branch manager

· Sheikh Hasan Mana’a, head of Local Council, large agricultural land owner

· Hadi Rumim, local farmer

· Awadh Al-Gargy, local farmer

C. A synthesis summary report is written based on the preliminary analysis of data collected supported by some findings noted during stakeholders’ discussions and feedbacks. The report is considered preliminary and awaiting receipt of further documents from stakeholders and more rigorous analysis of data.

4. YEMEN

4.1 Population

According to the 2004 census5, the total population of Yemen reached approximately 19.7 Million compared to 14.6 in 1994-census estimate. The annual growth rate is reported as 3.0 %, one of the highest in the Middle East.

4.2 Geography of Yemen

The Republic of Yemen is located at the southwestern edge of the Arabian Peninsula between 12o and 20o north of the Equator and between 41o and 54o east of Greenwich. It includes more than 120 islands, the largest of which are Socotra in the Arabian Sea and Kamaran in the Red Sea. It borders Saudi Arabia to the north and Oman to the east. The coastline of Yemen extends a length of about 1906 km, from the northwestern borderline with Saudi Arabia to the southeastern borderline with Oman.

4.3 Climate

Yemen is situated within a dry and semi–arid area, where the average annual rainfall ranges from 500–800 mm in the Highlands, 50–100 mm in the coastal strip, and below 50 mm in the Eastern regions.
The country is characterized by five major land systems: (1) a hot and humid coastal Tihama and southern plains, 30-60km wide, along the Red Sea and the Gulf of Aden, (2) the Yemen Highlands, a volcanic region with elevations between 1000 and 3600m parallel to the Red Sea coast, and with temperate climate and monsoon rains, (3) the dissected region of the Yemen High Plateaus and the Hadramout-Mahrah Uplands, with altitudes up to 1000m, (4) the Al-Ruba Al-khali desert interior, with a hot and dry climate, and (5) the islands, including Socotra Archipelago in the Arabian Sea and more than 112 islands in the Red Sea.

4.4 Water resources and availability

. 
The per capita share of the recoverable water resources amounts to 137 m3 as compared to a per capita share of 1,250 m3 in the Middle East and the world average of 7,500 m3. Accordingly, the per capita share in Yemen is less than 11% of the per capita share in the Middle East and North Africa region and less than 2% of the world average. These figures place Yemen on the bottom of the ladder of the nations that are under the international poverty line (PRSP, 2002) 6.

Water studies have clearly shown the imbalance between the available resources and uses of water. Whereas the annual average of total rainfall is estimated to be 6.7 billion m3, the surface water flow in the valleys (Wadis) is estimated to be 3.5 billion m3. Rainwater is used to irrigate 47% of the cultivated area, whereas 11% of the cultivated land is spate irrigated. Whereas a small portion of the flowing surface water, through filtration, or during irrigation, seeps down to feed lower shallow water sediments in the short–term and ground water in the long–run, the surface water is either lost by evaporation or by flowing out into the deserts or out to the sea. The recoverable water is estimated to be around 2.5 billion m3, of which surface water constitutes 1.5 billion m3 and the ground water constitutes about 1 billion m3. However, the total uses of water have increased rapidly to rise from 2.9 billion m3 in 1990 to the present 3.4 billion m3, primarily distributed for agriculture (3.094 billion m3), domestic uses (238 million m3) and other uses (68 million m3). The balance of the available water resources and uses reflects that the annual gap has increased from 400 million m3 in 1990 to 900 million m3 in 2000. The problem becomes more evident, when it is seen that over 91% of water is used for agriculture and that a large portion of this quantity reflects the inefficiency of irrigation and the waste due to the use of antiquated methods that reduce irrigation efficiency, apart from the use of water to irrigate agricultural products that do not add any value to the society. Whereas, the total domestic use of water in the Sana'a basin amounted to 22.8 million m3, the irrigation of Qat consumed 59 million m3 in the basin. This gap and depletion do not reflect systematic and similar effects among all water basins and water zones, where some of the zones are subject to greater depletion that reaches up to between 250 to 400%. In some of the basins, the situation calls for the Government to take urgent measures to preserve these basins, such as the Taiz, Sa'ada, Sana'a and the Abyan–Tuban water basins. In response to Government calls, The Netherlands Climate Assistance Programme (NCAP) is currently undertaking detailed case studies of such water basins, of which this study forms only the current vulnerability part of Sadah case study. Moreover, many major cities suffer from water shortages, in a number of which the crisis has reached the point whereby some areas only get water a few days in the month, such as the City of Taiz, a region that deserves a vulnerability case study in the future.
4.5 Economy and policy

In 2003, Yemen was one of the least developed countries in the world, with a Gross Domestic Product (GDP) per capita of US $889 (Purchase Power Parity) and a Human Development Index ranking (HDI) of 151 out of 177 countries – the worst performance among Arab states 7. The country has a population of 19.7 mil-lion (74.3% in rural areas), of which 42% live below the national poverty line. Among the major problems are limited access to basic services, malnourishment (close to 50%), high illiteracy rates especially among females (71%), extreme water scarcity and a very high population growth rate that is estimated at 3% per year. The prospects for the Yemenite economy remain weak, with the country’s level of economic growth (2.4 % in 2005) likely to fall far short of the World Bank target of 8% needed to achieve sustainable development 8.  Inflation is likely to increase to 15.8% in 2006, from an estimated 10.5% in 2005. While Yemen remains highly dependent on oil revenues, its oil reserves are gradually dwindling. With oil production in terminal decline, the government will be forced to introduce economic reform. However, fears of angering an already restive population are likely to keep reform progress slow and haphazard – as illustrated by the government’s partial retreat over fuel subsidy cuts and the planned general sales tax in mid-2005. 

5. The Study area

5.1 Topography

Sa'dah Basin as a whole stretches over 1,151 sq. km, of which about 215 sq. km belongs to Sa'dah Plain, where the farming activities are concentrated. The alluvial plain which lies within the meridians 43º 33` and 43º 48` and the parallels 16º 92` and 17º 07` is about 7.5 km wide in the northwest part of the plain and about 16 km in the southeast part, and extends in a northwest-southeast direction spanning almost 30 km in length. Wadi Marwan leaves the plain at a location approximately northeast of Sa'dah town, and serves as its main surface water outlet (Figs. 2 and 3). Sa'dah plain decreases in altitude smoothly from northwest to northeast, from 2050 m to 1840 m above sea level. It slopes gently with gradients ranging between 0.2% and 0.5% towards the southeast where it collects in the stream channel of Wadi Marwan flowing in a northerly direction into Wadi Najran beyond the border with Saudi Arabia. Two small highs interrupt the plain, one is located to north-northwest of Sadah town, and the other is near the mountains located west of Alt-Talh locality. The mountains surrounding the plain reach maximum heights to the west, towering at more than 2750m.

5.2 Population and administrative divisions

According to 2004 Census, the total population of Sadah Governorate is 695,033 inhabitants (3.5 % of total country population), 107,000 reside in urban centers while the rest live in rural areas. The population in 1994 was 481,617. The annual growth rate is about 3.7%. In the Sadah Plain area alone, where most population is concentrated including Sadah town, the population is 240,000 according to NWRA and stakeholders’estimate figures obtained during consultation meetings. Sadah’a Basin has four administrative divisions, Sadah City and Sahar Directorate, the western parts of Safra Directorate, the eastern parts of Majaz Directorate and the northeastern parts of Sagain Directorate (Fig. 4).

5.3 Climate

Sa'dah Plain has a " mountainous semi-arid " climate with average yearly temperature of 19.3 Cº; the highest and lowest averages are 25Cº (July) and 13 Cº (January) respectively. The average relative humidity is only 43%. Between 1983 and 2000, precipitation averaged 138 mm/year. Rains are scanty, irregular and sparse, with short and spatially confined rainstorms. Two rainy seasons, March through May and July through August, are identified in the region and interrupted by tow dry seasons. The wettest months are April and May. Precipitation generally decrease towards the east, as the region is considered a transitional zone between the wetter western highlands and the dry Rub AL-Khali desert. Evapotranspiration is very high in the area; the values are estimated between 2280 and 2800 mm/year.

5.4 Water resources and availability for Sadah Basin

Specific studies on vulnerability of water resources to climate change in Sadah Basin are generally absent, however, some studies touched on the subject in an indirect way and can be utilized in this report, for example, the YOMINCO/TNO (1983)9, the DHV (1992)10 and Techniplan/ NWRA (2002)11. The YOMINCO/TNO study mainly investigated the water resources of the area. The major activities were a geophysical survey, a well inventory and aquifer tests. The DHV study in turn was based on the technical findings of YOMINCO/TNO with an update on the well inventory. However, DHV investigated other aspects related to water management issues, such as socioeconomic aspects. The Techniplan/NWRA study dealt with remote sensing aspects of Sadah Basin and illustrated the dominant aquifers and aquicludes in the basin and outlined the most significant flow directions.

The following subsections are some of the outcomes of the three main studies mentioned previously plus some other information gathered from other sources that will be mentioned in the text.

5.4.1  Groundwater

The piezometric levels of groundwater in Sadah Plain fell from 1970 m+msl and 1820 m+msl in the northern and discharge parts of wadi Marwan in 1983 respectively, to 1960 m+msl and 1800 m+msl in 1992 respectively (Van der Gun, 198512; DHV, 199313) (Fig. 5). Between 1983 and 2001, the total groundwater abstraction has grown from 45 to 90 million m ³/year with a constant total aquifer recharge of just 7 million m ³/year. In 1983, recharge was estimated at 10 MCM by YOMINCO/TNO (1983) and 7.2 MCM by DHV (1992). In 2002 an annual recharge rate of 6.5 MCM (Techniplan / NWRA, 2002) was an output by the calibrated model as part of the water-balance calculations. In the end of 1998, the active zone of the aquifer was found to be exhausted and the abstraction in 2001 had started breaking into the aquifer geological reservoir. This caused exhaustion in the northeast part of the aquifer, where the plain overlies thin saturated layers with low values of specific yield. Sadah Plain’s farmers are found to exploit mainly the groundwater resources of Wajid sandstone aquifer. Over the last twenty years the average water table level of this aquifer has sunk deeply to a value of 53 meters as consequence of excessive pumping. The recharge water is proven to be very low, mostly as runoff collected from the surrounding mountains west and northwest of the Plain, infiltrating down through wadifills. This assumption is supported by the increase in groundwater salinity from west to east, reaching its maximum at the natural discharge zone in the mouth of Wadi Marwan.

In 1983, the groundwater abstraction from the sandstone aquifer was 57 MCM with 1100 wells operating. The annual gross abstraction rate, mostly for irrigation purposes, increased from about 1 MCM around 1970 to about 80 MCM in 1992, when about 2330 wells were in use in the Plain. The history of annual groundwater abstraction in the Plain is displayed in Fig. 6. It is clear that doubling the number of wells within that period, with improved well design and construction, caused about 30% increase in gross abstraction. The mean well yield measured during the 1992 well inventory was 3.3 l/s, about half the 6.7 l/s determined in the 1983 well inventory. Owing to the deteriorating productivity of the wells, the net annual abstraction was assumed at that time to exceed 65 MCM after 1992. 

The spatial extent of groundwater depletion in Sadah Plain is shown in Fig. 7.  Declining values of groundwater head varied depending on the abstraction intensities and the relative recharge areas. Declines were most pronounced around Sadah town, where abstraction intensity was higher than other parts of the Plain. Further north, declines were noticeable around the population centers of Al-Talh and Dahyan. 

One of the consequences of groundwater depletion in Sadah Plain is the reduction of the saturated thickness of Sandstone aquifer. This led to an increased pumping costs and ultimately abandonment of wells. In 1983 depth to groundwater was between 20 and 40 m below ground surface over most of the Plain (Van der Gun, 1985). A decade later, the range of depths was 40 to 80 m in most parts of the Plain (DHV, 1994). However, depths exceeding 90 m were reported in some areas west of Sadah town. 

Another consequence was the increase in the number of wells inventoried in Sa’dah Plain. In 1983 the total number of operating wells was approximately 1100, whereas in 1992 it was about 2330. Later, in 2002, the total number of well inventoried was 4989 (Table 1 below) (Fig. 8).



   Table 1. Well inventoried in Sadah Basin in 2001-002

	No.
	No. of water source points
	Type of water source point

	1
	894
	Dug well

	2
	3560
	Borehole

	3
	125
	Dug / Borehole

	4
	7
	spring

	5
	3
	other


5.4.2 Surface water and the wadis in Sadah Basin

A number of variables determine the surface water availability of a given area, including precipitation patterns, rates of potential evaporation and evapotranspiration, terrain characteristics such as geology and soil, land use and human interaction. Runoff constitutes that part of precipitation, which is neither absorbed into the ground or stored on the surface, nor evaporated, but which flows over land. The percentage of precipitation that gets converted into runoff in turn depends on land surface characteristics, such as slope inclination, vegetation, vegetation cover, soils, geological formation, rates of evaporation and infiltration. Sadah Basin has no permanent or seasonal streams and only after exceptional heavy rains will surface water runoff be discharged into Wadi Marwan leaving the basin to the northeast from where it subsequently flows into Wadi Najran. Surface water availability in the form of spring waters, shallow dug well water and water collected in dams is generally low in quantity in Sadah Basin due to the sporadic and scanty rainfall and short, intense and local storms. The average annual rainfall within Sadah Plain for the period 1983-1992 was about 150 mm (DHV, 1993a) 14. Runoff studies carried out by DHV (1993e) 15 indicated that areas around Sadah Plain had relatively high runoff coefficients. The mean runoff coefficient was estimated to be in the order of 12% for an annual rainfall of 150 mm. Evaporation far exceeds precipitation during most of the year. The potential evapotranspiration is generally very high in Sadah Basin owing to its arid nature. The annual value reported by Chaudry et al (1991) 16 is 2280 mm. 

There are seven sub-catchments in Sadah Basin (Fig. 9, Table 2). One of these subcatchments, Sabar and As  Sa'ad, is located in the central part of the plain and has no outlet, so it can be defined as "endorrheic".  The subcatchments are dominated by water-use and land-use features including, wadi spreads for tapping water during dry seasons, water harvesting areas, highland watershed areas and irrigated farmlands. 

Several wadis flow into Sadah Plain. From the west the main ones are Wadi Fallak, Wadi Sabr and Wadi Redanum, from the east are Wadi Akwan Wadi Nushur, from the south are Wadi AL Sagn and Wadi Abdin (the two wadis then converge and flow together under the name of wadi Sadah), and from the north the main one is Wadi Akbawr. While the western watercourses disappear into the plain, the rest converge northward and flow into the main channel of Wadi Marwan, the surface water outlet of the plain, which runs in a northerly direction into Wadi Najran. Near the Saudi Arabian town of Najran, Wadi Marwan joins Wadi Najran, which drains into the Rub AL Kali desert. In Sa'dah Basin, there are no major flood risk areas, but only water harvesting areas to supply enough runoff for irrigation purposes. Compared to groundwater pumping, water harvesting is still a minor tool used by farmers in irrigating their crops.

There are essentially three main hydrogeological units in Sadah Plain (Fig. 10) (v. d. Gun, 1985). The Upper and Lower Wajid Sandstone are considered one hydrogeological unit, and the other two units are the Quaternary Alluvium and the Amran Limestone. The Alluvium is unsaturated and serves as a rainfall collector through which flows infiltrate into the Sandstone Aquifer below. However, upstream valley fills function as temporary perched aquifers.

The Wajid Sandstone formation has the most favorable hydrogeological characteristics. It has an average porosity of 5-10% and an aquifer hydraulic conductivity of some 0.1-0.3 m/day, increased locally by fractures and fissures. Transmissivities vary from 20-400 m2/day. The thickness of the Wajid sandstone, which was assumed to be one aquifer, varies between 200 m and 700 m. The aquifer is mainly unconfined, except for small parts in the south and the northwest where it is confined by the Amran limestone (Al-Sakkaf, 1996)17. The Amran Limestone has very poor hydrogeological characteristics and is considered as an aquifer of little importance, since the secondary joint permeability is rather low and locally downgraded by marl intercalations. The Quaternary sediments consist of more or less slimy sand and gravels of alluvial origin. They are unconsolidated and have a discrete porous permeability. Alluvial sands filling the wadi incisions are good aquifers. They usually contain water-bearing strata, with rather low reserves, and are normally fed by rain and run-off waters from the surrounding mountains. 

Table 2. Subcatchment areas of Sa'dah plain

	Basins and sub-basins


	Subcatchment area (sq. km)
	Wadi width

(sq. km)
	Length of main wadi (km)
	Water harvesting area (sq. km)

	1
	AlHaniyah & A'wayrah
	275.62
	1.36
	86
	138.14

	2
	Sabar and As  Sa'id  
	127.06
	1.19
	30
	86.10

	3
	A'lat & A'yn
	215.92
	1.49
	43
	61.53

	4
	Dammaj
	228.92
	1.20
	55
	97.70

	5
	A'kwan
	78.40
	0.53
	60
	6.16

	6
	Nushur
	116.78
	2.48
	78
	46.99

	7
	Razamat
	108.02
	0.56
	57
	4.30

	    Total
	1150.72
	 8.81
	-
	   440.92


5.4.3 Wastewater treatment and reuse

In Sadah Basin in general, there are no wastewater treatment plants and reuse of water. However, a recent study has been carried out by the Germans on Sadah town for the selection of a proper place for a wastewater treatment plant. Plans have been put into effect to implement the study after consultation with stakeholders, Sadah’s Basin Committee and beneficiaries. City residents are still confused, skeptical and unaware of the benefits that could be gained from such installation. Apparently, the reasons have to do with the unpleasant experiences seen in other cities (according to locals statements), especially when considering the case of Sana’a wastewater treatment plant and the environmental problems associated with it from surface pollution and unpleasant odors to groundwater pollution and similar.

5.5 Agriculture

The main sources of irrigation in Sadah Basin are groundwater wells, spates, springs, dams and rainfall (Table 4). The gross cultivated area in Sadah Basin is estimated to be 40,721 hectar for the year 2005. About one half of the cultivated land is rainfed and one quarter is dependent on groundwater, and the rest relies on spates, springs and dams. The number of agricultural holders in Sadah Basin is estimated at 48,531. The cultivated lands in Sadah Basin for different years and seasons are conveniently shown in Fig. 11. Groundwater use estimates for agriculture are not available, however, efforts will be made to get such important figures, especially for the next steps in this case study. There are two major dams that were built by the Government in the entire Sadah Basin, also reliable figures for their storage are not available now. 

Table 3. Number of agricultural holders, and the gross cultivable and cultivated areas in hectares (by source of irrigation) for the year 2005

	Item

Sadah
	Sources of irrigation
	Crops area
	Cultivable area
	Total area
	No. of holders

	
	Others
	By cars
	Dams
	Springs
	Floods
	Wells
	Rains
	
	
	
	

	
	7
	263
	285
	1231
	122
	12324
	23384
	37616
	40721
	50726
	48531
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Figure 7. Decline in groundwater heads (in meters) from 1978 to 1992 
based on a calibrated groundwater model.

Figure 8. Well Inventory in Sadah Basin

5.6   Poverty in Yemen

Poverty is no longer confined to just income level or the ability to secure the minimum requirements of food, clothing or shelter, but it rather extends to include education, health and the other basic social services, which is what led to the emergence of the different dimensions of poverty.
Three poverty surveys were conducted in Yemen in1992, 1998 and 1999. However, it is impossible to trace the development of the poverty phenomena in Yemen by comparing the results of the three surveys because of their non-comparability for methodological and technical reasons such as the non-availability of weights for the 1992 HBS and the exclusion of seasonality elements in the 1999 Poverty Survey because of its implementation in a one-month period. The 1998 HBS is, therefore, considered the base to be used in estimation of income poverty and to carry out comparisons based on it in the future. Nevertheless, the 1999 Poverty Survey provides a large quantity of data and non-income indicators at the district level, which are helpful in analyzing and determining the dimensions of poverty and in showing the quantitative and geographical differences and disparities. 

The 1998 HBS showed that 17.6% of the Yemeni population live under the food poverty line, whereas the percentage of the population who are incapable of obtaining all their food and non-food requirements (represented in food, clothing, shelter, health, education and transport) is 41.8%. These percentages reflect the gravity of the situation and living conditions of approximately 6.9 million people, who are suffering from the different dimensions of poverty, not to mention the other large numbers that are living close to the poverty line and who are vulnerable to being dragged in to below the poverty line, In   addition, there is a high poverty gap, which is estimated at about 13.2% and the severity of poverty, which amounts to 5.8%. 

Poverty and its development are not just seen through poverty lines alone, but they could also be assessed through the use of several social and economic indicators. While economic growth and decline in population growth have helped to increase real GNP per capita from YR 31,775 in 1995 to YR 46,159 in 2000 (an average growth rate of 7.7%), and suggest improvement in the standards of living, if equity in the distribution of development benefits is assumed, nevertheless, real final personal consumption per capita did not achieve any significant growth. Average growth in this paramenter did not exceed 0.7%, rising from YR 27,709 to only YR 28,644 during the same period. The difference in the growth of GNP and the consumption indicator reflects the imbalance in the distribution of the fruits of economic growth during that period in favor of the high income groups.

This imbalance is supported by data from the 1998 HBS, which point to disparity in income distribution, whereby 10% of the population with the highest incomes make up 25% of total consumption expenditures, while at the same time, the 50% of the population with high incomes spend 73% of total consumption expenditures. Similarly, the 6% of the population with the highest incomes take up 20% of total consumption spending. Accordingly, the purchasing power of the higher income groups is almost 2.7 times that of the lower income groups, which reveals the disparity and the gaps in purchasing power between the rich and the poor. The Ginni coefficient, which is used to measure income distribution, reflects this disparity by a value of 34.4 in 1998.

Tax indicators, which reflect the policies that are being followed, show that there is an imbalance in the distribution of the tax burden among the different groups of the society. At the same time that businessmen in the industrial sector soak up 87.8% of the value added by the sector, in contrast to only 12.2% for labor, the taxes paid by wage earners can reach up to 43% of the taxes on corporate profits. The revenue collected from taxes on civil service employees is 71% higher than the taxes collected from the profits of the business sector and, while the profits of the business sector are higher by many times than the amount of wages paid to the civil service employees.
Figure 9. Subcatchments and wadis in Sadah Basin


Figure 10. Hydrological units of Sadah Plain

Figure 11. Cultivated lands in Sadah Basin

5.7 Stakeholders meetings and consultation Process

5.8.1 Methodology and rationale

To gain a better understanding of the vulnerability of water resources to climate change, a stakeholder participatory approach was applied in this study. The participation of stakeholders was obtained through individual meetings and group discussions. The selection of participants was tentatively set and arranged with a facilitator (EPA branch representative) before leaving for the field. Fair representation of concerned parties was taken into account (see list in methodology section). 

For the individual meetings, informal interviews were carried out through which specific water-related issues were raised and discussed, depending on the stakeholders’ fields of interests, responsibilities and roles towards the issue of water scarcity in Sadah Basin. During such meetings, notes were taken and summarized in a field notebook. Moreover, summary information sheets, booklets, studies and recent updates were requested from the participating stakeholders. However, feedback in that regard was limited and some information and updates to notes are incomplete and expected to be sent soon, or they may have already been sent by fax to WEC. 

The group discussion meetings were arranged beforehand, and subsequently carried out during afternoon traditional gatherings. Wide-ranging water-related issues were raised and discussion-leading tasks were crucial in formulating the net concerns and opinions.   

The stakeholders’ identity, areas of responsibility and the specific issues covered during meetings are summarized in Table 5 (below).

Table 4. Stakeholders’ identities, responsibilities and topics discussed in meetings. 

	Identity
	Responsibility
	Topics discussed

	Mr. Hadi Kurai
	EPA-branch manager.
	Environment and water

	Eng. Yahia Al-Sharafi
	NWRA-branch manager
	Water management and use

	Naser Al-Yazidi
	LWSA-branch manager
	Water supply and efficiency

	Eng. Abdulsalaam Amer
	SWC-Project manager
	Agriculture and water use

	Eng. Abdulla Rajeh
	Agricultural office branch manager
	Agricultural development

	Sheikh Hasan Mana’a
	Head of LCD
	Community needs

	Hadi Rumim
	Local farmer
	Farmers concerns

	Awadh Al-Gargy
	Local farmer
	Farmers concerns


Beginning with EPA-branch manager, the recently appointed personnel, the interview and discussions were focused on the state, conditions and protection issues of the environment in Sadah town and vicinity. Water and waste-related pollution and community concerns’ issues were discussed and noted.

For NWRA-branch manager, the discussion covered the availability and management of groundwater. Local concerns were also included in the discussion.

The LWSA branch-manager meeting and discussion was short due to the manager’s illness. However, information was gathered from a booklet obtained through the branch office.

The Agriculture-branch manager meeting focused on issues related to government-owned farms where vegetable and fruit plants nurseries are developed and managed. Indigenous trees were mentioned to be at deteriorating stages. Discussion also covered issues of replacement of citrus and apple trees growing with other types plants due to trees’ diseases that have not been solved over the past few years. Tree burning operations were observed during the visit. Pomegranate growing was an option in such replacement strategy. 

The meeting with the representative of the Soil and Water Conservation Project, a project supported by World Bank, focused on issues of agricultural lands irrigation, technology used, and coverage of support offered by World Bank. Short training sessions for farmers and young were in operation during visit.

The meeting with the head of Local Development Council, a prominent Sheikh, was relatively short due to his busy schedule. The discussion, however, was straight on target from his side, and he appeared to be fed-up with modern management approaches and behaviors of water-concerned managers, and quoted stating, “frankly speaking, actions are urgently needed regarding water scarcity, no need for laser pointers and fancy presentations….”. The Sheikh also commented about the Basin’s Water Committee, its inactive role and absence of motivation towards development. The Basin’s Committee, he pointed out, consists of most individuals included in these meetings, except for the farmers attending, in addition to the Governor. Other individual farmers were included as members of the committee. Discussion ended with a promise to send a summary sheet of information listing local concerns, his role as an investor in enhancing water harvesting, and practical solutions for water scarcity. 

The Meetings with two local farmers were interestingly different, in such way, that real suffering, caution and hopelessness were felt during the discussions. Meetings were focused on farmers ability to afford to meet irrigation plans set by local government. The farmers also expressed their concerns and opinions regarding government and private plant nursery farms and wastage of groundwater pumped to maintain these farms. Other comments were also noted regarding income, migration and abandonment of wells and land due to the high expenses needed to maintain and keep up with the prevailing conditions and technology, such as, irrigation pumps and pipes costs, deepening wells, and similar issues.

The group discussion was conducted with the majority of the individuals attending individual meetings. Discussions were focused on shared issues and common problems faced by the community and concerned parties regarding scarcity of water and alternative measures that could be taken. The Basin’s Committee role was discussed and encouraged to be more active in their plans and accomplishments. Coordination and sharing of data were proposed and avoidance of conflict between tribes and individuals was stressed. However, these issues are only met when proper representation of the community is established, and that is possible at times of election, and the group agreed on the importance of such issues. Moreover, the group expressed difficulties in implementing plans due to insufficient funding allocated by government.

5.8 Findings

The initial findings gathered from the data collected so far, and from stakeholder meetings and consultations can be summarized in the following sections:

For the social indicators and livelihoods, an increase in population and spread of poverty to some degree is generally noted in Sadah Basin, especially in rural areas and to a lesser degree in Sadah town. This finding warrants a further close-up study or further collection and analysis of data. The prevailing social conditions led to a strain on the natural resources, in general, and on soil, vegetative cover, and water resources in particular. A moderate expansion of urban towns at the expense of the natural environment is observed. Moreover, the trend towards groundwater-irrigated agriculture is highly practiced in Sadah area. 

In terms of groundwater availability, Sadah Basin is one of the three most seriously depleted basins in Yemen. This basin has been subject to ground water mining since the 1970s. According to the latest information (Techniplan 2001/2 and current monitoring information of NWRA branch), the indications of the water balance show that natural recharge does not exceed 8.5 MCM per year while the groundwater abstraction exceeds 100 MCM per year. Sadah’s average per capita water availability per year is 37 cubic meters.

Also, the latest information indicates that the yield of existing wells is continuously deteriorating due to the prolonged radius of regional drawdown and the compactness of deeper aquifer systems. The drawdown reached to about 6 meter per year, especially in the dense irrigated areas in the northwest part of the basin in Dahyan and Majz areas, where wells have penetrated the basement. In the marginal boundaries of the basin, the well depths have reached more than 300 meters. These areas are drying up dramatically and increasing numbers of farmers have started to shrink their irrigated land or are forced to deepen their wells yearly. The frequent deterioration of the groundwater condition has become irreversible and the overall situation is shown in Table 5 (below).

The main economic activities of the population in the basin rely on irrigated agriculture crops that have uncontrolled access to groundwater. Free access to groundwater, combined with both low irrigation efficiency and poor water-land productivity have created severe stress on both groundwater and environment. 

There is an urgent need for the input of a sociologist with the appropriate background to set up and implement strategies for awareness campaigns and communication in order to foster the ongoing activities and transfer them into senses of ownerships for local communities. 

Scarcity of water in Sadah area adversely affects the poor, as they are compelled, in the rural areas, to use water sparingly, especially the aged, children and women.

Table 5. Situation of goundwater in Sadah Basin

	Indicator
	1982
	1992
	2001
	2005

	Average yield of water per well in cub meter/year
	47,000
	34,000
	31,000
	?

	Average specific yield of well- l/sec.
	6.70
	3.30
	3.00
	?

	Average depth to water table in meters
	20-40
	60-80
	100 -more
	?

	Average draw down in meters/year
	3
	4.5
	4.5- 6
	4.5- 6

	No. of Groundwater withdrawal points
	1065
	2457
	4586
	?

	Groundwater exploitation (in Million Cubic Meters-MCM)
	50.80
	80.00
	105.00
	?

	Yearly groundwater recharge (in Million Cub Meters -MCM)
	------
	-------
	8.5
	8.5

	Average per capita per year (in m3)
	
	
	
	37


The depletion of underground and surface water and the improper use of water for agriculture led to semi-salinity of water in some wells, and the poor are compelled to use such water for drinking. In the urban areas, where the poor, to start with, live in communities that do not have potable water and do not have access to proper basic services, they must resort to paying large sums of money for water, which increases their financial burdens. 

Poor women, in both urban and rural areas are compelled to use non-potable water for washing dishes and clothing or even for cooking, which affects the health conditions of their families, and thus decreases their productivity and exposes them to poverty situations. 

Findings from Stakeholders meetings and group discussions are summarized in the following notes: 

· A need to construct water barriers, surficial storage tanks and dams taking in account the proper study of community needs, geomorphological setting and sustainability. Currently two dams are constructed and concentrated in a small part of the basin, and even these two dams are of little value to the farmers due to their distant locations from beneficiaries and high costs of constructing irriration pipes. 

· Modern irrigation methods should be utilized with careful consideration for the poor who own little and scattered agricultural land compared to large owners.

· Awareness plans must be developed and spread through proper channels, preferably through community members themselves to warrant effectivness.

· Sadah Basin’s Committee can be more effective if Committee members work with better coordination and fewer conflicts, and all should make concerted efforts rather than acting individually.

· Developing alternative incomes is put as an option in reducing groundwater use in the basin

· A greater supply of main irrigation network pipes is needed to cover a larger area of the basin. Reasonable community share must be considered in such plan.

· Salinity of agricultural land must be resolved, especially with application of modern irrigation methods.

· The Soil and Water Conservation Project should have more allocation of the irrigation network for Sadah Basin, since this part of the country provides a large portion of agricultural products.

· Surficial pollution problems have started to appear in the basin, especially inside Sadah town, due to improper solid waste dumps and spread of slaughtering houses.

· Drip irrigation methods must be reconsidered due to high costs for the poor and scattered agricultural land.

· Management decisions taken by the regulatory body without social consensus are difficult to implement.

· Decisions taken with stakeholder participation shall help to bring about social benefits (decisions tend to promote equity among users), economic benefits (decisions tend to optimize pumping and reduce energy costs), and technical benefits (decisions lead to better estimates of abstractions).

The main finding from this study, based on collected data, is that vulnerability of water resources to potential climate change is high, evidenced by current depletion of groundwater, low efficiency of water use, low coverage of water and sanitation services and by scarcity of water resources and by viewpoints of stakeholders.

5.9 Discussion

Water scarcity is recognized increasingly as a global concern and, within that broad concern, more attention is focusing on emerging patterns of groundwater overexploitation and their implications for the availability of water to meet human and environmental needs. Food production and food security are among the more important of these needs. Reliable water supplies, particularly those from groundwater, are the lead input for increasing yields, reducing agricultural risk and stabilizing farm incomes. As a result, strong arguments can be made that access to groundwater plays an instrumental role in food security.
Water availability and reliability are linked closely to food security, but the equation linking water to food security is partial and the links are neither linear nor transparent. The full equation is a function of the interaction between water access, production economics and the wider network of entitlements that water users and others have within society. It cannot be assumed that a one-to-one relationship exists between access to reliable water supplies for irrigated agriculture and food security.

FAO defines food security is defined as "per capita food consumption, measured at the national level by the average dietary energy supply (DES) in calories on the basis of national food balance sheets (FBS) and food supplies as national averages".
The direct links between groundwater availability and food production is the role of interacting dynamic systems and the uncertainty inherent in predicting outcomes based on partial understanding of any one of them. The role that irrigation, particularly groundwater irrigation, has played in increasing yields is relatively clear. Whether or not emerging water problems are a significant factor underlying the declining rate of yield increases or represent a significant threat to overall production levels is less well documented. While the potential nature of such connections is clear in concept, available data and other evidence are insufficient to test the conceptual relationships. While it is essential not to dismiss the implications of groundwater overabstraction and water scarcity for food production simply because data are insufficient to prove them, it is equally essential not to ignore the wide range of other factors that could be playing equal or greater roles. Therefore, the first part of the equation linking groundwater and food production is clouded even before investigation of the larger question of the role groundwater plays in entitlements and food security.

Food security is a function of three factors: availability; stability; and the ability of individuals to obtain access to food. Scientist have argued that for famines in India, starvation is frequently due to the inability of individuals to purchase supplies that are readily available on the market and is not a function of food availability per se. 

Researchers have particular relevance for analysing the impact of emerging groundwater problems on food security. Studies in the late 1980s highlighted the critical role that access to water, particularly groundwater, plays in poverty alleviation (Chambers et al., 1989). Reliable water supplies are a foundation that enables farmers to afford access to a wide range of development benefits (from food to education and health services) and can also enable farmers to diversify into other, often non-agricultural, income sources. These benefits are accessed through the improved yields enabled by the green revolution package of inputs. However, they carry a substantial risk because farmers must make investments in fertilizer, seed and other inputs in order to achieve them. These investments, which are often made on credit, will be lost if water supplies fail. Consequently, any decline in access to groundwater could have a major impact on the economic condition of small rural farmers. As Burke (2000) argues: "the expansion of irrigated agriculture in the 20th century has de-coupled the water user from the inherent risk of exploiting both surface and groundwater resources. The apparent reliability of storage and conveyance infrastructure and the relative cheapness and flexibility of groundwater exploitation offered by mechanical drilling have sheltered the end user from natural hydrological risk." If substantial groundwater-level declines occur, short-term risk exposure may return to levels not encountered since the spread of irrigation. This risk is predominantly economic.

Since NWRA is responsible for the planning and implementation of national water resources management, the process is generally very difficult due to a lack of reliable data. Yemen follows an approach of “basin co-management” whereby stakeholders and state institutions forge a part-nership for managing water resources at the catchments level. Concerted efforts need to be made for translating this from a management model into reality: While a few Basin Committees have been formed (e.g. in the Sanaa, Sadah and Amran basins), efforts to create community-based water organizations on a wider scale are constrained by the fact that NWRA at present lacks sufficient financial and human resources and has only a limited regional and local presence. For the co-management approach to work, NWRA has started to prepare regional water management plans for some areas (e.g. for the Taiz, Hadramawt, Tuban-Abyan and Sadah ba-sins), but the pace of plan preparation remains slow because technical capacities for IWRM are still weak and the necessary infrastructure to collect information (e.g. hydro-meteorological monitoring networks, reliable water quality labs) is either non-existent or has only very limited coverage.

MWE is generally responsible for sector investment planning and the coordination between all water sector agencies, and it is currently still at a capacity development stage and suffers from a lack of competent staff. As a consequence, it has only the mandate (through NWRA) but not the power to enforce a more sustainable approach to national water resources management, in particular vis-à-vis the influential Ministry of Agriculture and vested agricultural interests.
To have a better vulnerability assessment, more time is needed to collect, synthesize and analyse data. Alternatively, collection of data can be flexibly viewed as a continous process ending with the final study report. 

Also, travel funds and more financial allocations for stakeholders meetings are preferred. 

References 

1. Sadah-branch manager, Soil and Water Conservation Project, 2006: Manager consulted. 

2. Agriculture Office, Sadah branch, 2006: Manager consulted.

3. DHV Consultants, 1993m, groundwater resources and use in Sadah Plain: Final report NORADEP, prepared for SSHARD under UNDP project YEM/87/015. DHV (The Netherlands) in association with Team Consulting and Darwish Cons. Engineers.

4. Intergovernmental Panel for Climate Change (IPCC), 2001: Climate change, syntheses report.

5. Central Statistical Organization (CSO), 2004: StatisticalYear Book.

6. UNDP, 2002, Poverty Reduction Strategy Paper (PRSP).

7. UNDP, 2005: Yemen Country Sheet, Human Development Report 2005, available at: <http://hdr.undp.org/statistics/data/countries.cfm?c=YEM>, November 27, 2005.

8. The Economist Intelligence Unit, 2006: Yemen Country Report, January 2006. 

9. YOMINCO/TNO, 1983, interim report, water resources of the Sadah area: Report WRAY-2, YOMINCO/TNO, Sana’a/Delft.

10. DHV Consultants, 1993, Agro-economic and sociological study (3 volumes): Final report NORADEP, prepared for SSHARD under UNDP project YEM/87/015. DHV (The Netherlands) in association with Team Consulting and Darwish Cons. Engineers.

11. Techniplan/ NWRA, 2002

12. Van der Gun, J. A. M., 1985a, Water resources of the Sadah area: Main Report WRAY-2, YOMINCO/TNO, Sana’a/Delft.

13. DHV, 1994a, Workplan for the agro-economic and sociological research programme: Final report NORADEP, prepared for SSHARD under UNDP project YEM/87/015. DHV (The Netherlands) in association with Team Consulting and Darwish Cons. Engineers.

14. DHV, 1994e, Runoff assessment with scarce flow measurements: Final report NORADEP, prepared for SSHARD under UNDP project YEM/87/015. DHV (The Netherlands) in association with Team Consulting and Darwish Cons. Engineers.

15. Chaudary, M., 1991, Estimating water requirements for efficient Water Sector Planning: Projected Estimates for the Agricultural Sector, Economic and Social Issues in Water resource development and management in Yemen; Proceedings of the seminar, TS-HWC, Sana’a 27-29, May, 1991

16. DHV, 1994b, Water management plan: Sadah Plain target area: Final report NORADEP, prepared for SSHARD under UNDP project YEM/87/015. DHV (The Netherlands) in association with Team Consulting and Darwish Cons. Engineers.

17. Al-Sakkaf, Rafik. A., 1996, Sustainable groundwater resource management in   the Sadah Plain, Yemen: M.Sc. Thesis H. H 294, International Institute for Infrastructural, Hydraulic and Environmental Engineering, 89p, The Netherlands.




























Sent by Bill Dougherty 29 August 2007
PAGE  
26

