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EXECUTIVE SUMMARY
 
WATER POLICY INITIATIVES FOR YEMEN
 

RECOMMENDATIONS BY CID WATER TEAM 
C. BERNHARDT P. GRIFFIN R. HAWKINS, D. HENDRICKS M. NORVELLE 

1. BACKGROUND
 
T'e project, upon which this report is based, was outlined by the USAID Mission Sana'a at the request of the govern­ment of the Yemen Arab Republic. Subsequently, the Mission, in cooperation with the Government, prepared the terms ofreference, and arranged for a water resources management design team through contact with the Consortium for Interna­tional Development. The Team arrived in Yemen on August 13 and departed beginning September 11, 1980. 

2. TERMS OF REFERENCE 
The terms of reference are summarized as the following tasks: 
(1) Review existing water resources studies. 
(2) Outline additional studies requ;red for a comprehensive picture of the Yemen water situation. 
(3) Delineate a procedural framework for development of a Yemen Water Plan. 
(4) Recommend a national water policy. 
(5) Recommend emergency statutes for control of groundwater. 
(6) Review agricultural water management practices. 
(7) Review watershed management practices. 
(8) Provide programmatic recommendations for a long-range water resources development and management 

program for YAR 

3. ORGANIZATION OF EXECUTIVE SUMMARY 
The salient findings, conclusions, and opinions resulting from the study are enumerated under the section headings 

which follow. 

4. WATER RESOURCES OVERVIEW 
(1) The native water supply of Yemen, occurring as surface runoff in wadis and recharge to aquifers, is scanty. Anappropriate index is annual rainfall, whitlh is less I.an 200 to 400 mm over much of the country. An exception is 

the mountain highlands near ibb, which may have rainfall in excess of 1,000 mm.
(21 The arid character of the country limits the prospects for development of new water supplies.
(3) Surface water flows in the wadis of Yemen have been fully appropriated for centuries by the practice of spate ir­rigation. Only a few flood events escape total diversion to irrigated .3nds. 
(4) Surface water storage sites exist in many of the mountain canyons. While it appears doubttul that a significant

amount of new water wouid be developed, the feasibility should be investigated. This should be examined also In
terms of using storage to permit more efficient irrigation scheduling.

(5) Conjunctivae use of groundwater with surface flood flows could permit improved scheduling of Irrigation. Probably
higher crop yields would result. 

(6) Overpumping of groundwater is causing rapid decline of water tables in some regions of Yemen. Since ground­
water is the major source of domestic water supplies, its protection is !mperative.

(7) Groundwater basins must be developed and managed on a sustained yield basis.
(8) Because water is a rate limiting factor, i.e., there is not inough to meet all demands, water has a strategic iole in 

the social and economic metamorphosis now occurring in Yemen. 
(9) Resolution of witer problems and conflicts must come through adoption and implementation of a national waterpolicy. The policy must provide for allocation of amounts, setting priorities in use, effective administration, and 

development of institutions for meeting management objectives. 
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5. STATUS OF EXISTING KNOWLEDGE 
(1) About 46 water oriented project studies have been completed throughout the country and were reviewed. 
(2) The first reports began to appear about 1970. 
(3) Comprehensive water resources planning studies have not been undertaken as yet. 
Water 	 resources data are generally spaise and of short duration. Data collection networks have only recently been 

established. 

6. WATER PLANNING 
(1) Water management regions for Yemen should be defined. They should conform to hydologic boundaries where 

pussible. 
(2) The basic procedural framework for planning should address the questions: How much water exists? What are tile 

projected demands? What plans are feasible? 

(3) 	As a basis for planning, regional framework studies should be developed. Reports should result as follows: 
-Volume I Regional Background Inlonation 
-Volume 2 - Water Resources 
-Volume 3 Municipal-Industrial Water Demands 
-Volume 4 Agricultural Water Demands 
-Volume 5 - Projects Existing and Prop wsd 
-- Volume 0 - System -Wid, Planning Matrix 

(4) 	 A regional water plan should be pi pard for etch region, based upon the results of the tespective framework 
studies. 

7. NATIONAL WATER RESOURCES POLICY 

(1) Premises 	 -Strong local governments exist 

-Demands for water are increasing 
-Water is a limiting factor 
-There is a sparse cadre of water professionals 

(2) 	Policy: -Water is a public resource 
-There sould I-e continuity with Islamic legal doctrine and tradition 
-Water resources should be managed toward objectives of economic efficiency, and 

assurance of domestic supplies 
-Management of groundwater should he on a sustained yield basis 

(3) Recommendations: 	 -A water resources council should be formed 

-Regional water commissions should be formed 
-Leadership and coordination is a national government responsibility 

-Responsibility for execution should be at regional and local levels 
-- Institutional adjustments may be necessary 
-Education and train:ng to develop a strong caclre of water professionals is needed 
-Extension services and demonstration activities at the local level is advocated 
-Enactment of statutes should be paced in lime 

8. GROUNDWATER POLICY 
(1) Premises: -Excessive overdraft will damage an aquifer
 

-Pollution of an aquifer is essentially irreversible
 
-Seawater intrusion is essentially irreversible
 

(2) Policy: 	 -Groundwater should be managed as a renewable source 
(3) 	Recommendations: -Groundwater basins should be identified
 

-Groundwater basins should be managed at the regional level
 
-Metering of all groundwater withdrawals should be mandatory 
-Permits should be required to drill a well 
-An operating permit should be required to pump water from a well 
-Emergency controls sl,-uld be enacted for the Sana'a basin, Taiz. and Hodelda and 

for any other areas in which domestic water supplies are in jeopardy from over­
pumping of aquifers 

-Implementation of the comprehensive policy should be paced over time 
-Public education programs should be coincident with implementation 
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9. URBAN WATER(1)Premises: -Several urban areas in Yemen are growing at a rapid rate due to migration fromrural areas. Ifcontinued this may cause severe stress on urban services. Water islikely to be one of the services so stressed and it could be a limiting factor for some
(2)Pclicy: cities,-Whenever water supply is provided to individual houses, drainage is necessary atthe same time. The drainage system need not be sewerage if the wastewater Isonly"gray water". i.e. from bathing, laundry etc.-Water carriage of human excreta is very capital intensive. Traditional or other non­water carriage methods should be considered as alternatives for towns and villages,

(3) Recommendations: and perhaps even for portions of some cities.-Planning criteria for water services should be studied for cities, towns and villages.Per capita water use, rate structures, financing plans, types of Institutions, waterservice levels, sewerage service policy, etc., should be ascertained. 
10. ON-FARM WATER USE MANAGEMENT(1)Premises: -Traditional Yemen spate irrigation practice isinefficient compared to other methods of 

water distribution.
-Traditional irrigation practice relies upon an Irregular and uncertain water system-Unit area agricultural production iscomparatively low due to use of traditional spateIrrigation systems and other farm practices-The recent introduction of modern pumping equipment has led to an expansion ofcultivated area instead of regularizing irrigation water supply and has contributed to acontinuing low level of production

-Traditional(2) Policy: -Surface 
upland terrace systems are about as efficient as possibleand groundwater should be managed conjunctively for a regularized Irri­

gation supply-irrigation water application rates should be determined and applied according to crop requirements
-Associated agricultural practices and production techniques should be employed to 

(3) Recommendations: maximize unit area production and water use efficiency-Demonstration farms should be developed to promote proper utilization of irrigation
water and associated cultural practices

-Extension and education programs should accompany the demonstration farm pro­
gram 

11. WATERSHED MANAGEMENT(1)Premises: -Yemen's land and vegetative coordination has evolved under natural and man caus­ed conditions. Much land has been eroded already, but presently the landscape is
stable.

-The well developed terrace system comprises a major agriculturalresource, a hydrologic buffer, and capitaland a basis for the agricultural society. Terracemaintenance is needed for national agricultural production, social well-being andfor hydrologic stability.-Runoff from mountain land isessential as the irrigation water supply for downstream 
(2) Policy: low lands.-Terrace maintenance is potentially the most important watershed management con­

cern at the national level.-Traditional watershed management activity should be on a multiple use basis, with 
(3) Recommendations: accent on production.-Development of the necessary Information, data, and experience base should be 

undertaken. 
-Demonstration, exte slon, and education activities aie needed-A national watershed acton program should be formulated 
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12. YEMEN WATER PROGRAMS 
Some key elements of a Yemen Water Program include: 
(I) 	 Development of regional water plans, 
(2) A legislative program enacted over a pcriod of years, 
(3) Development of altered institutional forms, 
(4) 	Denonstration of improved farm water management practices, focused on conjunctive use of groundwater with 

surface flow flows. 
(5) Development ot a national watershed management plan, 
(6) Development of a professional cadre to B.S. and M.S. degree levels including two-year Internships In water en­

gineering practice. and 

(71 Development of public education programs to reach local leaders and the population concerning the realities of 
their local water situation, and the steps the government istaking to promote abalance between supply and demand. 

Program elements and associated projects are enumerated in Figure 1 following. The role of each program elem.nt in 
terms of societal goals, and the objectives of the element are seen also. Suggested donor country projects are listed as they 
may fit hto the government projects. 
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PREFACE
 

The 	 idea for this study was germinated during The importance of these tasks was reinforced during
discussions between His Excellency, Abdul Aziz discussions between the team and officials of the
Ghani, Prime Minister of the YAR, and lHis Excellency government. In addition, the government asked the
George Lane, U.S. Ambassador to the YAR concern- team to consider making recommendations for projects
ing the critial role of water in the economic develop- having promise of near-term implementation. The
ment of the country. The context , the dialogue government was concerned in particular with the 
related to the present rapid rate of groundwater development of Wadi ,awf.
exploitation by private parties, the growipg economic 
expectations of the people, and the realization by the 'lhe 	 time for the study was 30 days. D1uring
government that long-term planning and management this period, the Team discusscd the Yemen water
of water resources is necessary. From these discus- situation with various government agencies and
sions, water management in the YAR was given high organizations, reviewed reports, and toured portions
priority in the U.S. technical assistance program. of the country to glean a first-hand perspective. 

The 	 report was written in draft form prior to depar-Subsequently, a request for technical assistance ture on September 11. Copies of this draft were 
was issued by the Ministry of Agriculture of the YAR circulated to various parties in Sana'a for review. 
to the USAID Mission Sana'a. The mission responded The team met in las Vegas on September 26, 27 a
through the auspices of its contractual arrangement 28 to consider and incorporate these comments in the
with the Consortium for International Development report, and make their revisions as necessary. TIlie
(CID), i.e. , the Title XII l'roject 279-0052. The report was then edited through the month of October
Mission, in cooperation with the Ministry of Agricul- and a portion of November for organization, 
ture 	 of the Yemen Arab lelublic, then drew up the consistancy, and style.
terms of reference for the 'nsuing project for the 
CID. The CID selected a five-person team comprised The agencies visited included the Ministry of
of the authors, to execute the project. Agriculture and its Irrigation Division, the National 

Water and Sewerage Authority (NWASA), and theThe 	 tasks assigned to the CII) water team are Yemen Oil and Mineral Corporation (YOMINCO), ani
summarized as follows: its Department of lydrology (DOll). Contracts were 

also 	 established with various donor programs and(1) 	 Review the status of information pertaining private interests engaged in Yemen water resources 
to Yemen's water resources. 	 development such as the U.S. Peace Corps, 

Transcentury Corporation, UNI)P, American Institute(2) 	 Recommend the additional studies required of Yemeni Studies and private well drilling companies.
to form a complete and comprehensive 'I'le fieid trips included visits to the Tihama coastal 
picture of the water 'esources situation in plain, the southern highlands, and Wadi al-Ja 'f. 
the Yemen ,rab Republic. 

'lhrough these activities, we ailrissed the tasks(3) 	 Recommend a water Planning tprocedure to oultlined in our charge. The overall theme of the 
provide a comlrehensive picture of the report is to provide gov'ernment with policy direction 
water resources situation, in the areas outlined. 

(4) 	 Assist the Ministry of Agriculture in 
drafting a comprehensive national water
 
resources policy. 
 CID Water Team,
 

Sana'a, Yemen Arab Republic
(5) 	 Assist in the preparation of emergency September 11, 1980
 
regulations to bring currently rapid ground­
water depletions under control. Charles F. 
 Bernhardt 

Richard E. Griffin
(6) 	 Recommend avenues for interagency Richard I. llawkirs 

coordination. David W. Hendricks 
Michael E. Norvelle(7) 	 Recommend watershed and on-farm water
 

management practices for adoption in the
 
Yemen Arab Republic.
 

(8) 	 Suggest programmatic recommendations for
 
long-range water resources development and
 
management.
 

vi 
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1. PREMISES OF STUDY
 

1.1 	 BACKGROUND 


The people 
 of the Yemen Arab Republic are inthe 	 throes of economic and social change. Since
1962, and particularly since early the1970's, societyhas 	 been in transition fromThe 	 traditional torter 	implies modern.greater emphasis upon education,technology, and economic development with all of theconcomitant expectations and aspirations towardimproved social well being. 


Water is central 
 to 	 this social and economicdevelopment. But 	 there is not enough, in absolutecountry-wide terms, satisfyto existing and futuredemands. With this 	situaton, it is imperative that thecountry have a comprehensive water policy. 

1.2 	 PURPOSE 


The purpose of this report is to provide 
 a policydevelopment reference document for 	 officials of theYemen Arab Government who are responsible for
developing water policybasic themes are in all of its facets. Theto assess present water resourcesinformation and practices waterin use, and then tooutline what ought to be done in water planning and 
Management. 

1.3 	 OBJECTIVES 

The 	 overall objective of this report is to providesuggestions fornational the development of a comprehensivewater policy. The following are specificareas to be addressed: 

(1) 	 Water resources information in Yemen. 

(2) 	 Gaps in water resource information, 

(3) 	 Water planning methodology, 

(4) 	 National water policy provisions. 
(5) 	 Emergency groundwater regulations, 

(6) 	 WatLrshed management practices. 

(7) 	 On-farm water use practices, 

(8) 	 National water program, 

1.4 	 SIGNIFICANCE 
The exploitation of groundwater in Yemen hasbeen 	 occurring over pastthe decade at a rapid ratedue 	 to the utilization of modern pump technology. At 

the 	 same time, surface water supplies have been 
committed fully throughThe 	 other major of

centuries of spate irrigation.form water utilization, rain-fedagriculture, is practiced on an extensive system ofancient terraces. 

The 	 exploitation of groundwater is mosttheserious and immediate problem. Unless this 	 isbrought under control quickly, it is quite likely thatpermanent damage to the affected aquifers will occur. 
In addition, the limited water resourcesso 	 over-committed mustthat 	 options not beare 	 foregone fordevelopment of future national interests. Also, thereneeds to be an appraisal of irrigation practicesrespect to the potential 

with 
for 	 increased economicoutput. With 	 the rain-fed terrace agriculture, there 

are two concerns.
increased revenues 

First, is there potential forto 	 the farmers and to the
country? Second, 

more if the terraces are neglected dueto attractive employment of inlabor nonagri­cultural pursuits, what might be the consequences interms of stability of the watersheds? 

Thus, Yemen is in the 	midst of change in whichwater is a limiting factor. A comprehensive nationalwater policy is needed to guide the planning and 
management of the water resources of the countrysuch that the needs of the countryaccordance with its social goals. are met in 

1.5 	 METHOD 

The 	 main thrust of our activities was focusedupon 	 achieving a certain level of understanding of the
 
Yemen water
The situation and its social-politicalactivities included: (1) 	 context.discussions with govern­
ment officials
about and various persons knowledgeablethe Yemen water situation, (2) review of 
consultant reportstrips 	 and tours to 

and other literature, and (3) fieldgain first-hand impressions about 
water management practices. 

The 	 above activities providedunderstanding 	 the basisthe 	 context forin which to address the 
tasks enumerated above. Thus,tions 	were designed the policy sugges­to fit the social-political-physical 
context of the country.members drew To do this, the teamupon their knowledge of water policy
and water management practices in Unitedthe Statesand 	elsewhere. 

1.-1 
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2. GEOGRAPHY
 

Water planning is inextricably associated
geography with against the Yemen highlands and causein all of its various facets--physical, precipitation on the mountain 

heavy 
political, hydrologic, economic, slopes exposed to theetc. To aid and west, mainly above 1,500 m.develop the water-oriented geographic From October to 
Yemen 

picture of the February, dry masses, originating in the CentralArab Republic, a series of maps are inshown Asian anti-cyclone, are mainFigures 2-1 through 2-6. These maps 
the reason for the clearshow, respec- and rainless winter season. Figure 2-3tively: topography, physiographic regions, shows therainfall, rainfall distributionwadis, agricultural land, and provinces, over the country by month. Asnoted, the main precipitation occurs in the area of 

To complement the maps, lhb and on the exposed slopes of th Westerna set of photographs Highlands, which droppedare abruptly to the Yemenincluded as Figures 2-7 through 2-14. The Plain. Most of the rainfall occurscaptions as very heavyexplain the themes. Collectively they localized showers in the afternoon, whichprovide a pictorial perspective of the country relative confined to limited 
are usually 

areas. The frequencyto its' water situation. The sections that follow and inten­
sity of the rainfall decreases on the lee sidesummarize very briefly of thesome of the major facets of Western lighlands, the Central Highlands, and thegeography as related to water resources availability Eastern Escarpment.
and use. A great deal of the narrative is con­structed verbatim from the Final Report on the Air In general two rainfall seasonsPhoto Interpretation Project of the can beSwiss Technical distinguishedCooperation Service in the country. The first peak occursand the Central Planning in March or April.Organization of Yemen In May and June the rainfall(1978), called hereafter the decreases. The second"CPO Swiss Report." and usually the strongest
rains, start in July and last until September. 

2.1 Usually 'he weather is extremely dry from NovemberLOCATION to February, with the exception of Ibb.
 
The Yemen Arab Republic is located in the Table 
 2-2 designates the majorsouthwestern corner climatic zones ofof the Arabian Peninsula. To the country andthe west, the country is bounded by the Red Sea, 

also shows the average annualin rainfall for each zone. Since long-term climaticthe north, Yemen adjoins the Kingdom of Saudi data 
are not available, the numericalArabia, while in data shown should bethe south, is the People's Democratic considered as order of magnitude only.Republic of Yemen, commonly called South Yemen.The Yemen Arab Republic is often called North 2.4 WATERSHEDSYemen, and in this report both the terms Yemen andYAIR will be used synonymous with Yemen

Republic. Some of the 
Arab The major wadi drainages of Yemen are shown inboundaries of the country Figure 2-4. The drainage areas of each is seen intoward the east, with both Saudi Arabia and South Table 2-3.

Yemen, have not been officially dtmarcated. 

2.2 PHYSICAL GECORAPHY The Western Escarpment has seven major wadis.They all drain westward to Tihama.the For most of 
An overall topog.aphic relief of the country is 

the year only small streamlets run into the wadi beds.or they may dry up entirely.seen in Figure 2-1, a satellite photograph. The CPO and 
In March through April 

Swiss Report (1978) has established several 
again from July to September, several heavyphysio- floods normallygraphic divisions for the country, wh.ch are 

occur along the whole length of theshown in wadi sources. The farmers build earthen baragesFigure 2-2. This map inshows the country divided into the middle of the wadithree major hydrographic regions. the Western 
beds to divert the flood waters 

ont, cultivated lands, irrigated byEscarpment, the Eastern the ancient prac-Escarpment, and the tice of spate irrigation. IfSouthern Escarpment. The desig:. ited the rainfall is unusuallyzones within heavy within the whole catchment area,each of these escarpments are categorized the floodsby may be large enough to reach the coastelevation of the Redand are named in Ta''e 2-1, and are Sea; but this occurrence is exceptional.identified in the map, Figure 2-2 The area of eachof the zones is indicated along i ith the area for each The gradients of theescarpment, giving a total area wadis of the Easternfor the country of Escarpment135,200 are smaller and the precipitation in thesq km. It should be noted that the western inter-regionslowlands of the country is less intensive andof the Western Escarpment is more commonly does not occur with the samecalled the Tihama Plain. seasonal regularity as 
on the rain exposed Westerncatchment Escarpment. But theareas are larger and thus the floods may

2.3 CLIMATE AND VEGETATION cause inundation of large areas for long periods. Inancient times, earthen damsThe climate in Yemen is determined by the at Marib and Jawf mar'­possible cultivation ofcountry's geographic location and by its' topography, Since 
large areas in these region;.

the Sixth Century A.D. thewhich rises from sea level along the dams have been 
2levation of 2,700 neters 

Red Sea to an broken and the population of this area has diminishedwithin a distance of only considerably.
100 km. From May to September, the climate isnainly influenced by moist air masses of the monsoon In the Central Highlands, drainage is not always:irculation systems, which flow from the southwest connected with the large wadi systems. The rainfall 
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Figure 2.1 Satellite photograph of Yemen. (Taken from satellite imagery prepared by U.S. 
Geological Survey in cooperation with the Central Planning Organization, 1978) 
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Figure 2.6 Provinces of Yemen Arab Republic (adapted from CPO Swiss Report, 1978). 
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Figure 2.7 Wadi Surdud, Tihama Plain. 
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Figure 2.8 Typical Carryon in mountains east of Tihama Plains near Hodeida. 
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Figure 2.9 Canal diversion to spate irrigated fields, near Wadi Surdud. 
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Figure 2. 10 Modern diversion structure at Wadi Zabid. 
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Figure 2.11 Village near Sana'a. 
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Figurc 2 12 Water service storage for villages. A well in the Wadi alluvium below supplies 
the tank; the plumbing lift may be 500 to 1000 meters. The tank is the distribu­
tion point for several villages Ito 5 km in distance. Village water supply, Ministry 
of Agriculture. 
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Figure 2-13 Abandoned well, Sana'a Basin. 
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Figure 2.14 Pump house above well for Sana'a water supply, Sana'a Basin. 
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Figure 2.15 Terraces in Central Yemen. 
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TABLE 2-1 

PHYSIOGRAPHIC ZONES OF THE YEMEN ARAB REPUBLIC 
(From CPO Swiss Report, 1978) 

Western Escarpment 
Western Highlands
Western Midlands 
Western Lowlands 

Eastern Escarpment 
Northern Highlands
Central Highlands
Eastern Highlands 
Eastern Midlands 
Eastern Lowlands 

Southern Escarpment 
Southern Highlands
Southern Midlands 

TOTAL 

over 1,500 m 
500 	 - 1,500 m 
under 500 m 

over 1,500 m 
over 1,500 m 
over 1,500 m 
1,000 - 1,500 m 
under 1,000 m 

over 1,500 m 
1,000 - 1,500 m 

11,500 sq km
 
19,100 sq km
 
20,300 sq km
 

50,900 sq km 

10,500 sq km 
10,500 sq km 
15,100 sq km 
20,100 sq km 
18,200 sq km 

74,400 sq km 

7,800 sq km 
2,100 sq km 9,900 sq km 

135,200 sq km 

TABLE 2-2 

THE MAJOR CLIMATIC ZONES OF NORTH YEMEN SHOWING MEANMONTHLY TEMPERATURE AND THE AVERAGE ANNUAL RAINFALL 

TROPICAL TIIIAMAII ZONE 

Coastal Tiha-mah plain with high
atmospheric humidity and irregularlow 	precipitation 

Central Tihamah plain with low
atmospheric humidity and irregularlow 	precipitation 

Eastern mountain near Tihamah plainwith low to medium pre.ipitation 

13 	 TROPICAL TO SUBTROPICAL
 
ZONE 
 0:' TIlE LOWER WESTERN 
ESCARPMENT ZONE 

Lower mountain slopes, frost-freezone with low precipitation 

Tpper mountain slopes with medium
 
rainfall 


C TEMPERATE IIIGiLANI) ZONE 

Western, mountainous Highlands, withmedium to abundant rainfall 

Central llighlinds, with mediumrainfall 

D SUBTIIROPICAIL ZONE OF THE 
EASTERN ESCARPMENT 

Eastern mountain slopes with low,periodical rainfall 

Eastern desert zones 

ALTITUDE CLIMATECHARACTER. 
MEAN 
MONTHLYTEMP. °C 

AVERAGE 
ANNUALRAINFALL 

0-50 m tropical 25-25 0-80 mm 

50-300 m tropical 24-32 0- 150 mm 

300-500 m tropical 22-32 

500-1,400 m tropical 22-26 200-400 mm 

1,400-2,100 m subtropical 16-24 300-600 mm 

2,100-3,700 m temperate 10-18 600-1,800 

1,800-2,400 m temperate 12-18 200-1,000 

1,800-1,200 m subtropical 16-24 100-400 mm 

1.200-800 m subtropical 22-28 0-200 mm 
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TABLE 2-3
 

DRAINAGE AREAS OF MAJOR WADI COURSES IN Ti !F V'EMEN ARAB REPUBLIC
 
(From 3wiss Report, 1978) 

WESTERN ESCARPMENT EASTERN ESCARPMENT 

Wadi Mawr 
Wadi Surdud 
Wadi Siham 
Wadi Rima' 
Wadi Zabid 
Wadi Rasyan 
Wadi Mawza' 

7,500 sq km 
2,450 sq km 
:3,200 sq km 
2,450 sq km 
4.500 sq km 
1,700 sq km 
1,300 sq km 

Wadi Amlah 
Wadi Khabb 
Wadi Awban 
Wadi Madhab 
Wadi flirran 
Wadi Kharid 
Wadi Saba' 

3,100 
8,900 

1,000 sq km 
1,400 sq km 

800 sq km 
2,700 sq km 
3,000 sq km 

- 7,000 sq km 
- 11,300 sq km 

Total 23,150 sq km 
Wadi Harib 
Wadi Bayhan 

1,000 sq km 
2,450 sq km 

Total 30,650 sq km 

SOUTIIERN ESCA RPMENT 

Wadi Tuban 
Wadi Bana 

:3.550 
5,900 

sq 
sq 

km 
km 

Total 9,450 sq km 
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is often retained on cultivated fields and any surplus contributed 15 percent of the total export revenue inwaters may remain trapped ia interior basins. But if 1975. Qat is another important crop grown at.the rainfalls are heavy, the floods from 'he highland altitudes 1,500 to 2,500 in and is sold on the domesticplains will discharge in larger wadi systems, 	 market. Table 2-4 shows the area planted with each 
of the major crops of the country for several yearsThe water supply is a major constraint on and the production amount for each crop.
agricultural production. Thus the knowledge 
 of the

proportion of rainfall which can he made available for' Agricultural development has been promoted bycrop growth is of great importance. While no 	 government agencies and institutions providing tech­accurate measurements exist, a Swiss report for the nical assistance. Table 2-5 indicates some of theDhamar Plain indicates approximately 70 percent of 	 trends in terms of tractors, agricultural pumps,the rain which falls on uncultivated land becomes fertilizers, pesicides.

rainoff, of which 
 one-third enters into the streamflowand two-thirds are diverted onto cultivated lands. In general the farmers are eager to adopt newTo illustrate, if rainfall is 400 mm for an average methods such as tractors, new seeds, fertilizer,year, evapotranspiration is about 200 mm, runoff is insecticides, drilling wells, etc. But most agricul­185 mm, and grcundwater recharge is 15 mm. tural projects are limited to small areas with easySprings are another important water supply in the access. There are still, however, large remotecountry. Approximately 320,000 households (about 	 regions where farmers rely exclusively on traditionalone-third of the households of the country) depend farming practice in all aspects of agriculturalupon springs fo,' domestic water supply. 	 production. The rugged topography of the land 

constitutes a serious barrier to the introduction of2.5 AGRICULTURE farm ,nachinery. As the steep and ingeniously 
terraced slopes offer difficult access to mechanization,Ev.cry visitor to Yemen is impressed by the labor the 	 cultivation will continue to require much higherintensive and sophisticated agricultural technique.; 	 manpower expenditures than any cultivation on thewhich have been practiced for centuries on the slopes plains. It should be noted parenthetically, however,of steep and rugged mountains. The Yemeni farmer that the traditional farming practice ermploys more spar..s no effect to gain maximum profit from the peol~h.

scanty rainfall for the cultivation of his crops even on difficult terrain. Tremendous efforts are put into Even if agricultural yields could be increased bythe production of grains the whole year-roun.d, the introduction of better seeds, fertilizer, manure.Plowing, leveling, manuring, breaking clods of soil etc., it is not likely that prices would decreasewith a wooden hammer, removing crop residuhes. sharply. Most agriciltural goods produced in Yemensowing, conducting additional irrigation water to the are alr'eady considerably more expensivefields, harvesting, repairing the containing walls of 	 imported products. 
than 

This fact may represent one ofthe terraces, etc., are some of the major operations the major problems for the development of agriculture
carried out by the farmers by hand, using only in Yemen because the products cannot be exportedsimple tools and domestic animals. The special effort 	 long as prices as 

are far- above the level of the worldmade in agricultural persuits in areas with such market. The lack of taxes on imported foods jeopar­marginal conditions is remarkable. This can be dizes the farmer's alrtad.' weak competitive position.
expliined only by the fact that up to very recently,
the ,verwhelming majority of the country's population 2.6 SOCIAL DIVISIONS
 
had no other means of securing their daily living
other than by intensifying ag iculture production. The pattern of society in Yemen variesThe recent opportunities for work in the adjacent considerably from one area to another. There is aoil-rich count.ries present serious competition for great deal of local independence, which must heexistin,r agriculture, which is labor intensive. large recognized in understanding the political context ofareas of the terrace farming systems could to the country. Figure 2-6 shows the provinces of theirreparably damaged by the rural exodus. country. Most of these provinces comprise a 

The geogr'aphical region with a common historical pasttotal -,ca of cultivated land in North Yemen 'thc province of Sana'a. by contrast, has highlyis estimated to cover 1,515,000 ha. The rain-fed diversified geographical zones. The political heads atlands comnprist- about 1,277,.)00 ha. The spare and 	 the !province level are the governors, who areperenially spring irrigated areas are estimated to 	 appointed by the Prime Minister's office in Sana'a.covr'" 120,000 1'a and 73,000 ha, respectively. The As the main representatives of the central governmenr
pump irrigate land averages 15,000 ha. These are outside of Sana'a, the governors are responsible for1976-1977 daji (Another estimate of cultivated land 	 executing policy and for' enforcing the administrativein Yemn, was 1,983,100 ha.) 'rhe actual amount of 	 regulations of the government. They are the highestcultivated land varies from year to year depending authority of appe&!, passing judgement on personal,upon the r'ainfall. 'The crops grown are mainly grains communal, and regional conflicts which cannot besuch as sorghum, millet, and maize. Potatoes, resolved satisfactorily at a lower administrative level.vegetables, and fruits are grown also. Grains The provincial centers also include various officialsoccupied about 90 percent total cultivated land of the who are under the direct control of the representativecountry in 1974-1977. Commercial market-oriented 	 ministries of Sana'a, such as the Director of Finance,agricultural production is limited to a few crops such Director of Education, Director of Municipalities,as cotton, hide and skins, coffee, qat, vegetable;, 	 )irector of Health, Director of Agriculture, Adrain­fruits, and live animals. Cotton was introduced as a 	 istrator of Waqf, etc. A area of each province iscommercial crop in the Tihama and today is the most indicated in Table 2-6. 
important product for export. In 1975-1976 theexport value of this "rop was 2.1.6 Yemeni YR, which The provinces are divided further into districts.was 50 percent of the total export revenue of the ''he main officials at district level are: the Districtcountry. Ilides and skin are the next mosL important Director Judge, Tax Collector, Military Commander,export product and iring in an income of 8 million YR and Chairman of the Local Development Association
annually. Coffee has an export value of 7.6 YR "rad 
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TABLE 2-4
 

AREA AND PRODUCTION OF THE MAJOR AGRICULTURAL. CROPS IN YEMEN
 

1973/74 1974/75 1975/76 1976/77 1976/77 1976/77 

ha areas in ha ha ha yield production 

sorghum & millet 952,000 1,215,000 1,145,000 786,000 0 8 660,000 t 

maize 52,000 50,000 50,000 67,000 1.7 110,000 t
 

wheat 70,000 50,000 50,000 55,000 0.9 51,000 t 

barley 77,000 73,000 68,000 60,000 0.9 54,000 t 

cotton 20,000 28,000 15,000 5,000 1.0 5,000 t 

tob,.cco 4,000 4,000 5,000 5,000 1.2 6,000 t 

se3ame 8,000 9,000 10,000 10.000 0.6 6,000 t 

coffee 9,000 8.000 7,0001 8,000 0. 3,000 t 

grapes 8,000 8,000 9,000 10,000 4.7 .17,000 t 
other fruits 10,000 12,000 12,000 15,000 5.6 84,000 t 

potatoes 6,000 6,000 7,000 11,000 11.5 12,4,000 t 

pulses 65,000 71,000 76,000 72,000 1.1 82,000 t
 
other vegetables 16,000 18,000 20,000 25,000 9.6 240,000 t
 

Total YEMEN 1,297,000 1,552,000 1,474.000 1,129,000 ---

TABLE 2-5 AGRICULTURAL TECHNOLOGY TO YEMEN 1970-1976 

(From Swiss Report, 1978) 

Number of Numbcr of agricult. Fertilizer Pesticides 
Year tractors water-pumps (tons) (tons) 

1970 20 1% 1.382 6% 3,153 13% 135 3% 

1971 80 4% 1,205 5', 4,046 16% 218 5% 

1972 31 2% 3,928 17% 1,699 75 345 7% 

1973 63 3% 3,479 15% 4,256 17% 457 10% 

1971 63 3% 3,285 11% 3,869 16% 717 15% 

1975 238 13% 4,333 18% 3,363 13% 1,834 39% 

1976 1,420 74% 5.916 25% 4,471 18% 1,001 21% 

1970-76 1,915 100% 23.528 100% 24,857 100% 4,710 100%
 

TABLE 2-6 AREA OF PROVINCES IN THE YEMEN ARAB REPUBLIC 

(From Swiss Report, 1978) 

Province of San'a 20,310 sq km 
Province of Ta'izz 10,420 sq km 
Province of Al Hudaydah 13,580 sq km 
Province of Sa'dah 12,810 sq kmn 
Province of tlajjah 9,590 sq kn 
Province of Al Mahwit 2,160 sq km 
Province of Ma'rib 39,890 sq km 
Province of Dhamar 8,870 sq km 
Province of Ibb 6,430 sq km 
Province of Al Baydai 11,170 sq km 

Yemen Arab Republic 135,230 sq km 
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Board. Below the district level are the villages, sequential times during the irrigation season. e,g. ,The administrative authority at this level is the one canal for one month, another during the second
shaykh. month, and so on. This is essentially the system

employed in Wadi Zabid. Such practice conforms to
One of the most important administrative entities the doctrines of Islamic law. However, it does notis the Local Development Association Board, which has guarantee equity within the secondary distributionthe function of planning, coordinating, and executing system. The upstream users may still take more thanlocal development projects at the village, district, and their share once the water is diverted into the main

sub-province levels. These organizations are, in canal. A valid Islamic legal doctrine is availabhle,general, entitled to receive up to 50 percent of the however, to help resolve this issue. According totax revenue of an area and to spend their funds on Iladith, The Prophet, salah alayhi wa salama, directedcommunal or regional development projects such as the that the prior irrigator only apply a specified amountimprovement of water supply systems, the construc- of water and is then obliged to pass the water to thetion of feeder roads, the establishment of school and next user (Maktari, 1971; Caponera, 1973). This
medical centers, etc. The spheres of action of the rule applies when water is scarce (Caponera, 1973).Local Development Association Boards are the same as But depending on the area of the country, the congruence of the districts, authorized interpretation of Islamic law in the YAR 

conforms to the Shafi'i Sunni or Zaydi Shi'i schools of
The lack of an effective communication network, law. 

i.e. , the lack of modern roads, telephone connec­
tions, and a postal service in large parts of the A major defect in present irrigation practice iscountry, make the integration of numerous, densely that an upstream user may take more than he needs.populated areas into a uniform system extremely 'his is because there is no security for any user todifficult. Remarkable progress has been made, have adequate water supply at the times needed by
however, since the 1962 Revolution, and even more the crops.
obviously since the advent of military leadership in 
1974. Th e rules of groundwater law in Yemen

approximate "common law" doctrine of the United2.7 DEMOGRAPHY States, i.e. , the land owner owns the water under­
lying his land when he puts in a well. Thus.There are about 50,000 settlements in Yemen legally, extraction of groundwater is at the owner'sscattered throughout the country. The total popula- discretion. Within Islamic lega! doctrine and notablytion, in round numbers based on the 1975 census, is with Shafi'i doctrine, there is an "equally valid"about 5 million persons. (The recommended adjusted interpretation %shich would aid in resolving this issue census population provided in the CPO Swiss Report as well. This view adheres to the rule that ground­

is an adjusted population figure of ,4,705,336. ) The water is "common" in ownership. In other words, ;i,population density is 35 inhabitants per square km. it exists in the groundwater system, it is withoutThis compares with 37 for Egypt, '10 for Syria, :3 for' specific ownership and is held in common hy th(
Saudi Arabia, 5 for' South Yemen, 155 for Switzerland. entire community. The owner of the land 
 or the welland 96 for France. The growth rate is stimated at has primary right to use and can own the water that1.9 to 2.9 percent. This compares with 2.2 percent he withdraws but the groundwater system remainsfor Egypt, 0.7 percent for Switzerland, 0.8 per'cent "res communis." This is similar to the Ilanbali
for France, and 0.2 percent for' the United Kingdom. doctrine as expressed by Ibn Qudama.
Table 2-7 shows the population distribution by thtu
major physiographic regions. A basic Islamic legal principle is that one may 

not conduct the use of one's pr'operty to the detri-The dis tribution of population by rural and ment of a neighboring well that was in place at a
urban populations by province can be seen in prior time. 
Table 2-8. As seen in the rural population column,
88.9 percent n' the population live in settlements of 
less than 2, 00o inhabitants. But, at the same time,
the major cities are growing rapidly in population.
This is seen in Table 2-9, which shows the growth of 
three cities, Sana'a, Iludaydah, and Taizz during the 
period 1970 through 1980. 

2.8 ISLAMIC WATER LAW DOCTRINE 

The system of water rights in Yemen is based 
upon a mixture of Islamic legal principles and local 
customary practice. Once distribution has taken 
place, customary praltice tends to determine the 
allocation of water. 

The primary rule of surface water diversion is 
"highest first," or closest to the source, as the case 
may be. The equally valid Islamic rule of "first in 
time, first in right" receives little mention. 

Local practice intervenes once the water has 
been distributed. The first user can take much asas 
he wants without regard to the amount available to 
downstream users. Some communities of irrigators
have avoided this problem, however, by allocating 
water to main diversion canals within the system at 
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TABLE 2-7
 

POPULATION OF THE MAJOR PHYSIOGRAPHIC REGIONS IN YEMEN
 

Population density 

DE FACTO I'OIULATION 1975 Area (inhabitants/sq kn) 

Western Escarpment 2,970,000 50,900 58 
Western Highlands 1,110,000 11,500 96 
Western Midlands (la) 1,130,000 19,100 59 
Western Lowlands (lb) 730,000 20,300 36 

Eastern Escarpment 1,055,000 74,400 14 
Northern Highlands 112,000 10,000 11 
Central Highlands (Ic) 750,000 10,500 71 
Eastern Highlands 133,000 15,100 9 
Eastern Midlands 60,000 20,100 3 
Eastern Lowlands 18,000 0 

Southern Escarpmnent 680,000 9,900 69 
Southern lighlands 595,000 7,800 76 
Southern Midlands 85,000 2,100 '10 

Yemen Arab Republic 4,705,000 135,200 35 

TABLE 2-8 PROPORTION OF RURAL AND URBAN POPULATION BY PROVINCE 

(From Swiss Report, 1978) 

PROVINCE RURAL POPULATION 
URBAN 

Province Center 
POPULATION 

Other urban 
I/ 

settlements-

Percent Numbers Percent Numbers Percent Numbers 

Al Hludaydah 76.2 523,379 11.9 82,724 12.9 89,528 
Sana 80.2 665.383 16.7 138,625 3.3 27,941 
Ta"'izz 90.:1 796,429 9.2 81,001 0.5 4,633 
Al Bayda, 92.6 160,149 3.6 6,154 3.8 6,570 
Ibb 94.5 769,412 2.3 19,638 3.2 24,153 
l)hamar 95.7 448,735 4.3 20,051 -

Ilajiah 96.6 399,148 1.4 5,988 2.0 8,238 
Ma'rib 96.7 67,250 - 301 3.3 2,289 
Sa'dah 97.5 172,226 2.5 4,380 --

Al Mahwt 98.6 178,517 1.4 2,494 -

Yemen Arab Republic 88.9 4,180,628 7.7 361,356 3.4 163,352 

!/Includes persons living in settlements of over 2,000. 
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TABLE 2-9 GROWTH IN THE CITIES OF SANA'A, 
1970 AND 1980 

AL HUDAYDAH, AND TA'IZZ 

(From Swiss Report, 1978) 

Year San' AlIludaydah Ta'izz 

1970 96,000 58,000 58,500 

1971 103,000 52,000 52,500 

1972 110,500 67.000 66,500 

1973 119.000 72,000 71,000 

197,1 128,000 77,50(0 75,5GJ 

1975 138,000 census fig. 83,000 census fig. 81,000 census fig. 

1976 1.18,500 89,500 86,500 

1977 161,000 97,000 94,000 

1978 175,500 106,000 103,000 

1979 192,000 115,500 112,500 

1980 210,000 127,00n 123,000 
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3. INFORMATION ABOUT WAfER IN YEMEN 

3.1 PURPOSE 

Water oriented projects and studies have beengoing on in Yemen over the past decade. The 
government feels it is now time to assess theseactivities in terms pastof overall national needs for waterplanning information. Once this is done, information 
gaps can be identified more easily and future studies 
can be coordinated with those completed. To aid inthis process our first task was to "summarize for theMOA and the Yemen government, in general, the stateof knowledge of Yemen's water resources." This wasdone at a reconnaissance level based upon review of 
existing reports. 
3.2 SUMMARY OF WATER INFORMATIONS2 R OFBY REGION 


About 
 50 reports were reviewed for this task.They are listed in Appendix A where they arecategorized by region and as general informationProbably these reports represent most of the body ofknowledge of Yemen water resources since they wereobtained from the agencies having reason to accumu-
late complete libraries on the subject. But the search 
was not exhaustive and some omissions are likely. 

A summary of subject area coverage of waterinformation in Yemen has been prepared in matrixformat, seen in Figures 3-1 through 3-4, for west,
central, south, and east regions, respectively. Inthese figures, pertinent water oriented subjects areidentified in the columns. The rows show the majorwadis and cities and identifies by author the specific
studie conducted. The extent of coverage of each
subject by the respective report authors andwadi or city is seen by how the for eachcorrespondingelements are filled in; whether the coverage isthorough, moderate, or nonexistent is demarked hythe symbols used. 

The graphic format of Figures 2-1 through 3-1
provides ,in overall "birds eye" view of the currentstatus of water information. The figures show thatstudies have not been conducted for a number of
geographical areas. But for most of the major wadis,

their potentials for development have been investi­gated, along with the needed supporting information on groundwater atnd surface water resources. Whatseems to be lacking most is attention to water rights,
and perhaps the kind of comprehensive study of allsubjects as would be appropriate in a water resources
planning study vis-a-vis a project study. But theproject reports do provide data useful for comprehen-sire studies. A weakness not seen in the graphical
summary is the rather thin data base which exists,This is r'ecognized and is being addressed in thecurrent development of data networks by the 
)epartment of Hydrology. 

It must be recognized, however, that the projectrel)orts serve a different purpose than what is neededfor comprehensive planning. Thus, the needs for 
developing water resources information can be ascer­tained best by stating the requirements for compre­hensive water planning--the subject of the next 
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chapter. The past reports and studies can be used as reference documents in this activity. 

3.3 COMMENTARY 

To complement the graphical summary of waterinformation, impressions are given below concerning
the adequacy of existing knowledge. 

(1) Tihama. The Tihama has received considerableattention with respect to agricultural development.Also the groundwater resource supplying a majorurban area, Hodeida, has been investigated by
Italconsult (1973, 1976) and Kocks (1978). Of the
"seven major wadis"al-Kabir, only one, Wadi al Ghayh on Wadihas not been the subjectdevelopment study. of an agriculturalWadi Mawr has been reported on
by Tipton-Kalmbach (1979) and Tesco-Viziterr-Vtiuki
(1971) Sir William tlalcrow examined Wadi Surdud(1978), and Wadi Siham was investigated by Sogreah(1979). Wadi Rima has been reported on by DtIV(1978), Wadi Zabid by Tesco-Viziterr-Vituki (1971)and Wadi Itaysan by Sir Alexander Gibb (1978).

Some further comments are given below concerning
Wadi Surdud. Wadi Rima, and Wadi Raydan. 

Wadi Surdud. The characterization of surfaceand groundwater resource availability anidynamics has been based upon very scanty
information. Also, data derived from otherwadies in the Tihama has been used. Long-term
and detailed examination of both surface andgroundwater should be undertaken for this 
drainage. 

Wadi Rima'.l/ Although a relatively complete(fessc'iption$n of surface water hydrology isprovided by the study completed, it appears thatthe groundwater system has received little atten­
tion to data. Since, in most casesrihama, surface water is relatively in thecompletely
utilized, groundwater systems may provide tneonly surplus. This being the case, it is recom­mended that a groundwater investigation be
conducted for Wadi Rima'. 

Wadi Raysan. The information available for WadiRhaysan was found to be similar to that for WadiSurdud, i.e., there is very scanty direct
information characterizing both surface andgroundwater resources. Data from other areas 
or one-point datum are used as a basis extra­polation to characterize conditions applyingthrough the wadi. Groundwater assessment is
limited to monitoring dug wells and springs.Detailed investigations of surface and ground­water conditions in Wadi Raysan are needed. 

(2) South. Although longerand more periods of recordsdata points are desirable, the record isrelatively complete within those studies accomplishedin this region. But, as seen in Figure 3-3, two 

I A d o kt. 
3-An ODA study was overlooked in this review. 
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Yemen Water Resources Information Summary 

STUDY IDENTIFICATION SUBJECTS DISCUSSED EXPLANATION 
4-
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E 
1 
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0 C,, 
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D ) w Cz 4No coverage 
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a)Q) 
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C. ca a) ( 

4- 4 C 

Study < 0 U) 0 ) 6- z 

WEST /TI HAMA NOTES 
WADI MA'BAR 

WADI KHULAB 

WADI HARAD 

WADI HAYRANc(
WADI BAWHAL() 

u 

WADI MAWR 

(1) Tipton-Kalrnbach (1979) 

WADi SURDUD Ieeds more deailedstudy 

WADI SIHAM____ 

(1) Sogreah (1979) 

(2)Tecoviite19 1reonae !Idat pas 
(1) Italconsult (1973) 

(2) Italconsult (1976).. . 

(3) Kocks (1978) 

WADI 'ASALAH() 
(1)Wm.Halrow(198) Lim1iteod datovie 
WADI IMA'Needs detailed (j0rouxvdater

WA I-IA study 

(1)DHV (1978) Groundwater data sparse
 

WADI ZABID
 
(1) Tesco-Vlzlterv (1971) 

WADI NAKHLAH ) 

WADI RAYSAN /", Needs' more detailed study 

(1) Sir Alex. Glbb (1978) Linited data provided 

WADI AL-GHAYL (WADI AL-KABIR)() 

Figure 3.1 Yemen Water Resources Information Summary, West (Tihama) Region. 
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Yemen Water Resources Information Summary 
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(1)U.S.G.S. (1980 rechariJe 

AL-MAHWIT pe:cific water resources 
(1) Sir Wmn. Halcrow (1978) (odIa legliible 

SANA'A YS 

(1) Italconsult (1973) 

(2) Italconsult (1975) 

(3)H.2HumphYe,(1977) I ra 

(4)H.Humphreys (1979) 

(6) Mulllck (1977)l 

BANI HUSHAYSH _
 

(1) Awad and Dewan (1977) 

Figure 3.2 Yemen Water Resources Information Summary, Central Region. 
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Yemen Water Resources Information Summary 
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SOUTH NOTES 
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(1) Italconsult (1978) 
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(1) Italconsult (1978) 

TAIZ 

(1) Montgomery (1975) 

(2) Hazen & Sawyer (1977) 

(3) Leggette, Brashears & Grahain (1980) I 

WAD,BANA ! ­
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WADI TUBAN
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Figure 3.3 Yemen Water Resources Information Summary, South Region. 
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Yemen Water Resources Information Summary 
STUDY IDENTIFICATION SUBJECTS DISCUSSED EXPLANATION 
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a)) a) jj No coverage 

AREA 
REGION 7 

.2 

C)CY)
W Cz/'0 
a) 

a) 
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Study< 
z 

EAST NOTES 
WADI NAJRAN (Including SA'DAH) 

WADI IMRA'A I I 
WADI AMLAH 

WADI SILBA 
WADI KHABB 

WADI JAWF BASIN 
(1) Sir Alex. Gibb (1978) 

(2) Agrar-Und Hydrotechnlck (1980) 

WADI MADHAB (Lower Wadi) 
(1) Agrar-Und Hydrotochnick (1980) 

Wl.DI KHARID 

(1) Sir Alex.Gibb (1978) 

(2) Agrar-Und Hydrotechnick (1980) 

WADI FURDAH 
(1) Agrar-Und Hydrotechnlck (1980) 

WADI MUKHAYMA 

WADI SADD (MA'RIB) 
WADI HARIB BASIN -

WADIBAYHAN 

WADI MARAKA 

-

Figure 3.4 Yemen Water Resources Information Summary, East Region. 
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wadis have no studies, and some types of information and Wadi Kharid were giiven reconnaissance co verage
are missing for the others. by Sir Alexander (;ibb (I 978). Somewhat more exten­

sive study was made bv Agrar-lnd II drottt-knik in(3) Central. From al-liarf south to Sana'a along the 1980, a study which is ongoing at this time. As thecentral highlands, information is available fOr* Alran eastern desert area receives the drainage from a(IIS(;S, 1980), Al Mahwit (Sir William Ilalcrow, 1978). rather extensive watershed with rather high runoffBani llusha vsh (Awad and Dewar, 1977), and Sana'a, characteristics, there may he thelpotential for this
which has hceon covered extremely well (Italconsult, a rea to contain exploitable amount s of groundwater ;Is1973 and 1975, H. lumtphreys, 1977, 1979, and 1980, it travels east and north into the Rub'al-Khali.
and Mullick, 1977). From Sana'a south alon g the Additional comlients follow concerning Wa(i jawf.
central highlands, information is available for D)hamar
(ltalconsult, 1978), Taiz, and the al-Ilaima Basin Wadi ,tawf lasin. A comprehensive survey of(Ih1on n 1975. ;5ind am! Sawyer,IgomcrIy. Hlzaen m , 11177. ,111kw . t lylilogic chal'Attrti'. has btenand Wadi lana (Sir Alexander (;il1. 1977-7, done., iincluding the lower reach of Wadi
Additional coitmments whith follow ar, ,tiv;c(l (l(,t Madhah, Widi Kharil, and Wadi Flurday . Aal Mahwit and Ilani llust;ivsl . groundw;tter astsesment is bving -ondnluctd but 

tIle data arc not available yet. Repiorts iticatt.al-Mahwil 'lte ,xisting l;iti hli., i. very thit the .turvv i, coiitptleh nsive in l(attire.limited. "l'h in'tua:ition avalalte trvld i!, This work should ( a.-sessed in termis of ling­
not sufficient for ,hciston making. 'iti t term' lti , for de .eloping aI ot l i'leliettsivconsitering lit, w;ir 'taotc's picture lot this ptoi eof t,isa' es't li(is if lhe aiii 
;ea, ain iiivet lit lit (o, sui'fact ald g 'ulld­
water itd,nl,,,e,, 3.3 INSTITUTIONS 

lBani lhushysh. The siltlty '.tnhtel t(cus' 'T'h institutional situation it the- national Ivel
,it soil and water quality regarding flheir aptro- has lten ottlinetd bv ,thllsoll (19W()) and Merahat 
ltriativi es:, for agriicultural use. little quatllti- 198(t) Als(o. theY hau't' goe.n t' t'oitilletilati onst,tativeIt i1nfoit1;1tion is, provided., coordinationi 

StiltaCe ;1111 gf'ottlnwi ttT ''soit'e, . vXtCI)l tha1t sarioul, ;i'gii'i' -

InvoIv'
 
however oil t'Oit'iII' Ill g ' the of tilt ;t'tivities of Otil' 

ltistiJ 'al l'(C i' tls i;i'' btC iitit' of static wilt-'" 
levels in tug wills. ticlt tight.ini'mr i(an liil he. lfi'ititn witi rigi mt iri'tit'c,(kled t't hr-ugh .Lt;ihhti,hmt,nl 4, 'tli( , t,1.~n 11lwatinlig and~ dri t. 1111/ w' lthe.i vater l'i 
stat ions, ill HIt i t r ; with ,.,'i'':iti' .'t ; ;g i'ltu';m l sector Is, 1i1 rag" Sio tl it'tuie(t is, 
c itilllln g Ivis it. , howtever, ut e t d171 f N"aklari ) 

and iha't rs t ' Wri( 1973). whil tuful in providing(1) l t.. Ill I .l tflc ;m ~ % gential tbac'kground, they- iytrc not suffieient illNij-it in thc oti'h lu I hi(' ;-utl dir';inge. -otilh stacific conlent or in geographic' exill to se'rvet as ato Wali N rlaikl intoritatin is, very .p;r 's'it tlt' lu. , ftl it r i'soii'ce tlavt;lligitill ill 'liel 
txci-Itioll of Wadi ,Jawf ald its tritul;iri's- W;ilt ,la, 
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4. WATER PLANNING METHODOLOGY 

To support the rapid economic development now small photograph to provide a visual idea of the givenoccurring in Yemen, comprehensive planning and component and a small location map to show location.
management of its water resources is recognized by The block diagram then contains complete input-outputthe government as a means to implement its water information for each system component. Equallypolicy. Such planning has two preliminary steps: important, the footaotes in the diagram provide index­(1) acquire the needed data in a systematic manner, ing to more detailed information and documentation.and (2) accomplish an in-depth description an, A complete set of such diagrams in a separate volimeanalysis of the water resources situation in e ,ch provides a quick reference and easy access to a ?arge
region of the country. These two steps should amount of information.
 
provide the contextual basis for a third step, which
is to generate alternative plans. Evaluation, selection While the block diagrams depict each systemand implementation are succeeding steps. This component individually, the input-output table showschapter focuses upon the first two steps enumerated the water flows for the whole system at once.
above. Figure 4-2 is a hypothetical input-output wate:' 

balance table. The table is comprised of rows4.1 PROCEDURAL FRAMEWORK FOR (outputs of water) and columns (receiving inputs of 
SUPPLY-DEMAND STUDIES water) which represent the significant components of 

any given water system. The system depicted couldA basic conceptual framwork for water planning be for a city, a basin, a region, or a country. The can be formulated in terms of three simple questions: degree of resolution and aggregation would be(1) How much water is available?, (2) What are the different for each. The number of components useddemands?, and (3) low can the supply be used to should he limited to 80 to 100. The time period cansatisfy demands? The best known example of its be whatever is consistent with the purpose; a year isapplication is the California Water Plan. suggested for overall regional planning. 

The first two que.;tions address the categories of Concerning the mechanics of using the matrix,background information required for addressing the the rows show the distribution of water outputs, fromthird, i.e. , the plan formulation. This section each component to the others, and the columns showoutlines, in terms of six report volumes, the kind of the distribution of inputs to each component. Theinformation that ought to be developed for handling total output from any component is seen in the farthese questions. Plan formulation, however, is right column marked "total," and the total inputs tounique to the circumstances at hand, and is not any component is seen in the bottom row. The rowconsidered. Neither are several ancillary concerns totals must equal the column totals.
such as protection of water quality, evaluation of
health hazards, flood protection. watershed To use the model to assess the supply-demandmanagement, etc. situation, for a future year say 2000 or 2020, the 

projected 'emands of each component should be4.2 REPORT VOLUMES imposed on the bottom line in the appropriate column. 
To meet that demand, the column must contain entriesThe respective titles of the suggested report such that their sum equals the bottom row amount.volumes are given in 'fable 4-1 along with outlines of If this is not true, then a row component must eithercontent. These reports enumerate the kinds of tasks take the needed water from excess system outflow, orthat ought to be undertaken for each region or by reallocation of the water distributed internally.subregion. They address the first two questions of a To accomplish this distribution. new projects may becompr'ehensive procedural framework for water required. which would appear as new rows and 

planning. The third question, i.e., how to satisfy columns.
demands, is not considered. 

The input-output table is really a system model4.3 INPUT-OUTPUT TABLES of a water system. It can be used for quick
reference, for planning, or to explain how the systemThe set of block diagrams and the input-output functions. It can depict a complex water system intables comprising Volume VI warrant special mention quite simple terms. Proposed projects can be addedsince they are recent innovations not yet established to the table to depict their relationship to the system

in l)ractice. These techniques complement the as a whole and to particular components.
conventional studies outlined in the first five volumes. 

Input-output tables should be coy;structed forA hypothetical block diagram for the City of each region of the country and for each major wadiSana'a, which would be a component of a Sana'a Basin and each major city. They can show at a glance theregional study, is depicted in Figure ,4-1. The water situation for both planners and decision
diagram shows all water inputs and outputs to and makers. 
from Sana's on an annual basis (since the data 
indicated are not yet known, only arrows are shown). 4.4 PLANNING 
But most important, the documentation for each item
of data are indicated in the figure; this permits easy Once basis information is developed within a
questioning of the data and facilities improvement and systems framework, comprehensive planning can
provides a format for updating. Also included is a begin. There are three approaches to the supply­
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demand aspect. These are: (1) increase degree of
exploitation of th water resource by means of new
projects, (2) rallo 'ate existing supplies, and
(3) regulate per ca)ita demand water.for Each
approach requires studies to determine what is
feasible and how the change can be achieved. 

Evaluation and selection are the next two steps.
They are normative in nature and require integration
with the political process. The final steps, imple­
mentation and operation, require scheduling, financing
arrangements and institutiond development. Also, if
the plan selected is quite large in concept, to the
point that years or decades may be required in its
implementation, modifications and revisions can be
expected to account for changing circumstances. 
Also, the plan should be flexible 'o permit such
changes and yet achieve the societal goals. 
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TABLE 4-1 

SUGGESTED REPORT VOLUMES FOR DEVELOPING WATER 
RESOURCES PLANNING INFORMATION 

VOLUME I - REGION INFORMATION 

1.1 Maps 

topographic map of Yemen 
topographic map of region
water management regions anti subregions in Yemen 
water management regions
 
rainfall isohyetals for region

political boundaries for Yemen
 
hydrologic basins in Yemen
 
hydrologic basins in region

groundwater basins in region
 

1.2 Overview of the Region 

population
 
geography
 
economics
 
water resources 

1.3 Institutions 

water law
 
traditions
 
government
 
finance 

VOLUME II - WATER RESOURCES 

2.1 Precipitation 

gaging networks
 
annual precipitation history

monthly rainfall distribution
 
rainfall isohyets
 
evaporation
 

2.2 Streamfiow 

gaging stations
 
annual history of discharges
 
monthly distribution of discharge

flood discharges
 
water quality description
 
withdrawal amounts
 
instream uses
 

2.3 Groundwater 

description of groundwater basins 
pumping test data

well location and annual withdrawals
 
water table contours
 
estimates of safe yield, outflow to seas, sustained yield
recharge information 

VOLUMI III - WATER USE: MUNICIPAL/INDUSTRIAL 

3.1 Water Supply 

municipal water use, past, present, projected
industrial water use, past, present, projected
per capita water use, past, present, projected
population, past, present, projected

description of municipal systems
 
health hazards
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TABLE 4-1. (Continued). 

3.2 Wastewater Production 

sewerage systems description
 
effluent quantities, past, present, projectel
 
wastewater treatment
 
prospects for wastewater reuse and water
 
conservation
 

VOLUME IV - WATER USE: AGRICULTURAL 

4.1 Rainfall Agriculture 

precipitation, -lcreage, crops produced, etc. 

4.2 Irrigated Land 

land classification 
irrigated acreage: 100 percent and 50 percent probabilities

based upon annual flows 
irrigation institutions 
method of irrigation 
description of systems and condition 
water applied amount 
consumptive use amount 
deep percolation amount 

VOLUME V - PROJECTS 

5.1 Existing Projects 

storage, diversion, transport 

5.2 Proposed Projects 

location - maps, description
 
statistical information
 

VOLUME VI - INPUT-OUTPUT MODELS OF SUPPLY-DEMAND 

6.1 Block Diagrams 

inputs and outputs of annual water flows to and from each 
system component
 

photograph of system component
 
location map of system component
 
references on water flow data
 

6.2 Input-Output Tables 

tables for region as whole, 1980 and 2020 for "stress" and
"average" conditions 

tables for important subsystems, e.g., selected cities, subregions, 
1980 and 2020 for "stress" and "average" conditions 
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Aerial Photograph of Location Map
City 

Evaporation LossesI MCM A/ 

Cretaceous Sandstone 
Aquifer 

MCM!/ 

Quartenary Al luvium 
Aquifer 

MCM2J ..... 

City of Sana'a v- Wastewater 
Flow 

- MCM4/ 
_ __ _

SDeep Percolation 
Losses 

SMCMw_ 

!/ Withdrawals are Estimates Based Upon Number of Wells, Inventory of 
Pumping Liftsand Sizes. See Volume 2, pp.. 

I_/ Similar Documentation of Data Shown. 

A_Similar Documentation of Data Shown. 
4/ Similar Documentation of Data Shown. 
-/ Similar Documentation of Data Shown. 

Figure 4.1 Hypothetical water balance diagram for a system component. 
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Figure 4.2 	 Input-output table for a hypothetical water system. Numerical data shown are 
annual water transfers in million cubic meters (MCM) per year. 
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In a water short country, a national water policy (3) Meansis needed. Such a policy should set forth the basicgoals and objectives in water allocation, development, -- A Water Resources Council should beand use, which reflect both the physical realities of created to provide leadership, coordina­water availability and the social-cultural context of andtion direction in water managementthe country. at the national level. 

A comprehensive water policy is needed theat --The Water Resources Council shallpresent lime in Yemen. The current rapid rate of approveeconomic budgets for all water relateddevelopment and rising economic expectations government studies.of the people coupled with studies and proposals forwater projects give emphasis to this need. What is "Responsibility and accountability forneeded is a policy in which the national government implementation of national policy and goalsfulfills its leadership role in setting direction and should be decentralized to the provincialtaking initiatives for the common good, but which, at and local levels.the same time, can promote wisdom in water use atthe local level and is flexible enough to deal with a .- Education, extension, and demonstrationrange of local conditions, programs should be founded to reach and 
5.1 KEY PROVISIONS OF PROPOSED motivate local communities.

NATIONAL WATER SUPPLY ,A legislative program should be set forth 
A proposed national water policy is set forth in to be enacted, over years or decade,;, ata rate the provisions can be understoodthis chapter in the format of an act. The key and assimilated.

provisions of the proposed act outlined asare follows: 
"Institutions* should be developed and

(1) Poli y existing ones modified to reflect needs of 
- Water is modern water management.a public resource to be managedby the government. -- An education and training program is 

- Precepts f Islamic water law and local 
needed to develop a cadre of experienced
water professionals.


customs should be adapted.
 
5.2 PROPOSED ACT 

- -Domestic water use shall have priorities
over all other uses. The government requested the CID water team to 

provide suggestions on national water policy. The- Industrial water use shall be permitted to suggestions are set forth in format of anthe actpurchase agricultural water rights in some order to provide a more definite basis for
in 

local areas if approved by the Regional consideration. The proposed act builds upon theWater Commissions and local authorities, thinking of others. For example, the suggestions of 
Mr. Rueben Johnson in his report of May 180 were(2) Goals incorporated almost verbatim in places, modified in 
others. 

S*'The water resources of Yemen should bemanaged. It is not intended that the provisions of the 
proposed act taken without IfSGroundwater be literally question.is to be managed on a long- the act identifies the main issues of it water policyterm sustained yield basis and functions as a focus for debate, it will haveserved its purpose.
 

-- The key goals in water management are:
 
maximization of andregional national
 
social well-being and economic output.
 

5-1
 



5-2 

NATIONAL WATER POLICY ACT -/ 

1. 	PURPOSE
 

The purpose of this Act is first, to set forth the basic provisions of a national water policy, and second to provide an overall 
blueprint for its implementation. 

2. 	 POLICY
 
This act reaffirms as national policy that water is a scarce 
resource belonging to all of the people. The responsibility fordeveloping a management policy is vested with the national government. The key management objective is to assure that theresource is utilized in such a manner as to maximize the "general welfare." 

3. 	 THE GENERAL WELFARE AND THE ROLE OF WATER 
The 	 term "general welfare" is defined here in terms of (1) social well-being, (2) national economic well-beirig, and (3)regional economic development. Since water may be a "limitin factor" in achievement of both social well-being and economicdevelopment, it shall be managed in such a manner as to promote both objectives. This shall be construed as entitling all citizensto sufficient water allocation to achieve a quality of life coinmimeiisurate with comnmunity norms, as arc feasible. The second prioi­ty is to manage the existing Iegional water suppie s to maximize economic output, as feasible. 

4. 	 ADMINISTRATION 
4. 1WATER RESOURCES COUNCIL.. A Water Resources Council i, hereby created to develop a national water policy tooversee the development of national and regional water plans, to assute coordination between agencies in water oriented ac­tivities, to oversee the programs of Regional Water Commissions and to appoint the Executive Directors to provide leadership inimplementing national goals and objectives at the regional and local level, to review reports prepared by all entities involved inwater resources development, to assure that aiy proposei action is consistent with established national goals and objectives atidpriorities and with regional water plans, to provide for the acquisition and storage of hydrologic data, to develop principles, stan­dards and procedures for planning, and to provide for implementation of tire provisions of this Act.4.2 COUNCIL MEMBERSHIP. The Council membership shall include the Minister ef Agriculture, the Minister of PublicWorks, the Minister of Commerce. tile Director General of the Central Planning Organization. the Director Gemlci of the Na­tional Water and Sewerage Authority. the Director General of tie Department of Hydrology, the Council Chairm , aid otherpersons as deemed necessary or advisable. The Council membership should be limited in size, e.g., ten person-The Chairman of the Council shall have rninister rank, shall serve under the authority of the Prime Minister. and 'iail be ap­

pointed ny the President. 
4.3 COUNCIL STAFF. The Council Chairman shall serve also as its Executive Director. The Council staff -erving under theChairman will develop national principles and standards for water planning, will provide leadership atid dir ction to regionalplanning efforts ill tihe provinces, will prepare a national assessment of water resources and water demands, and will oversee thedevelopment of national and regional water plans. The Council staff should be highly qualified technical persos who will in­teract with, advise, and assist member agencies and others as requested with respect to planning, economic, legal and technicalproblems. The staff shall be independent of other agencies. The staff shall function in a coordination aid leadership role. Itshould have a budget to conduct or commission needed studies as directed by the Council. but shall not function as an operating 

agency.

4.4 COUNCIL MEETINGS. It is recc .nmended 1t'at the Council should meet at least quarterly. The agenda should beprepared by the Chairman. It should be distributed one week prior to the meeting, and set forth the issues upon which decisionsare to be taken. A discussion of each issue. including background information, possible alternative solutions, the effects of suchsolutions and factors supporting the urgency of an early decision should be provided. The agenda, in cognizance of the timedemands upon the members, must focus upon reaching decisions on major water policy issues. Less major issues can bedelegated to the Chairman, who may ask the advice of interested agencies.
4.5 DEPARTMENT GF HYDROLOGY. The Department of Hydrology shall be placed directly under the Chairman of theWater Resources Council. It shall remain a neutral service agency to serve the agencies in providing basic hydrologic data. TheDepartment shall be a repository of all hydrologic. hydrogeologic, and water quality Information collected by all ministries,authorities, donors, and other groups involved in water resources activities in Yemen. Also, it shall maintain a library of all wateroriented reports. The Department shall prepare a comprehensive hydrologic atlas on all water resources in the country. All dataon groundwater, precipitation, streamflow, water quality, and other pertinent hydrolgic data collected by various agencies andgroups should be provided to the Department. The Department shall provide the format and forms for data collection by variousagencies. The forms should be coded for eventual transfer to computer storage. Gaps in data acquisition shall be recognized by

the Department and steps taken to set up the needed monitoring stations. 
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4.6 REGIONAL WATER COMMISSIONS. The major hydrologic basins and water management units of the country will be 
Identified. The allocation, development, and management of the water resources of each basin or management unit shall be 
presided over by a Regional Water Commission. The Commission shall be vested with authority and responsibility to promulgate 
and enforce the National Watr Policy and Act, as applied to tho region under its jurisdiction; it shall develop appropriate regula­
tions to do this. For the region under its jurisdiction, the Commission shall have the same charge as the Council. The Commis­
sion should provide leadership in stimulating institutional reforms and soch changes in water management pracr!ces as deemvnd 
prudent in achieving greater regional economic productivity and in meeting community needs for water. - Ihe 'omnisilon mav 
elect to develop a water use extension service. 

Membership on the Commission shall be comptised of representatives of regional coordinating councils, the Governor. 
local development authorities, regional offices of YARG ministries and atlthOlitIev agricultural coopeiatives, mun paItie. 

villages, and the Execulive Director who shall be Charman. 

The Executie Director of the Commission shall be an k xperienced water professional. who shall be app(mir'd hvt Ie, C'har 
man of the WRC and approved by those Provincial Govrnors whose provinces :over the water inaliagennelmCh; lnIiT .itgp 

The Executive Director of the Coimission shall he tesponsihle to the Water Resources Coiuncil All actions ! 1i ( wuw:.. , ' 
shall have the involvement and approval of the Provincial Govet not Ihe Commission shall be the ultiri.,re aUtisi cv nia.Mlli 

that a supply-demand water balance is attained for the basin. 

The Commission shall have an advisory staff who shall advice the Commission through its Executive Director and who siall 
execute tilt, directives of the Commission The staff shall be professionally glualtied to th, same dIegne, as th staff of tlie Water 

Resources Council. 

5. 	 WATER MANAGEMENT REGIONS 

A watet inaruageient region i defined as any get gralhic area1 whose b'undaries delineate an awa whio,c wate resoiries 
are to t-e ianaqed by a Rgional Commission tiially, the coUn :y will have four water nlatlagerrenlt regions' the Westemn 
Region. the Easter lRegion, the Southern Region. and thr Critral Region Within each region water management districts sha;, 
be delineated. To the extent ,cssible. the districts soul be hydroogic enltities, e.g.. Wadi Surdud, Wadi Zabid. etc.. or a logical 
management Unit such as Ile Sana'a Basin 

6. 	WATER PLANNING 

The Water Resources Council shall coordinate water pl-nnit g between government agencies. mUlicipal gove rimrents, 
regional authorities. and any other public or private enterprise irvolving water use and management. Project initiatives and plan­
ning shall come fron these other entities 

6 1 PLANNINC GJIDELINES The basin planning guidelines to ie promnulgated by the Council and tIre Commission are 
as follows: 

(1) 	 Grolndwate basins are to be operated as reservoirs according to tile formula average annual withdrawal equals 
Averano' annual inflow Minus average annual outflow. Charnges in storage. i.e., water table levels, are permitted year to 
year. [-ut a long tM1 decline shall not he permitted 

(2) Priority in allocation shall be given to onriiictpal requirelients. 
(3) As second priority, water shall be Used in such a manner a.sto nlaxititize regional and national economic output. 
(4) Water conservation shall be encouraged for all types of uses 

(5) Water supplies shall b protected from pollution. 
(6) Municipalities receiving a 50 Ipcd or greater water supply shall be sewered 
(7) Reuse of municipal and industrial wastewaters shall be encouraged. 
(8) Water measurement is mandated for all streanflows. groundwater withdrawals, irrigation diversions, and municipal 

and industrial uses. 
(9) 	 Improved irrigation efficiency through increased reliability of water availability and measurement of water applied. 
6.2 FRAMEWORK STUDIES. The Council shall direct the preparation of hydrologic framework studies for each of the 

water management regions. These studies shall le prepared according to format and specifications developed by the staff. The 
studies shall be conducted by the Council staff, the staffs of tIle various ministries and agencies, and staffs of the Regional Water 
Commissions, as arranged by the Council sraff. The initial studids shall utilize existing reports and agency infornatlon. For each 
water management region, the studies shall contain the following information: 

(1) Average annual surface water flow volume and description of surface water characteristics of each wadi. 
(2) 	 Description of the characteristics of each producing water aquifer, including water table elevation contours, transmissvi­

ty coefficients, aquifer description, and estimates of recharge, outflow, sustained yield, and required outflow to the sea 
Is applicable. etc. 
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(3) Prospects for water conservation. 
(4) Determination of existing water use amounts for each water use sector, i.e., domestic, Irrigation, Industrial, etc. 
(5) Projections of water use for a fifty year time horizon for each use sector. 
(6) Description of existing water management institutions, including water rights structure and recommended changes. 
(7) 	 Description of new data acquisition programs needed. 
(8) 	Estimates of economic returns for capital investments needed to increase water availability, reliability, and water 

measurement. 
(9) Prospects for developing new supplies or for using existing supplies more effectively (e.g., conjunctive use of surface 

and groundwater). 

7. 	WATER BUDGET DATA 
Effective water management is founded upon water tneasurenrn't data sufficient to determine a water budget for each in­

dividual component of the water system. Measuretnents of precipitation and tnoff and groundwater lvvels are basic hydrologic 
data. The i. -partment of Hydrology is vested with the responsibility to obta'n these data in terms of a national network. In addi­
tion, the LO- should work with the Regional Commissions to assure that each water use entity measures accurately and main­
tains records for water intake amounts and timing, and discharges of used water. This principle applies to all withdiawals from 
both surace water sources and groundwater sources. In like manner, all discharges should be measured, Measurement of water 
used is an obligation assucated with the right to use a public resource. All surface water diversions should be measured by stage 
recorders used in conjunction with Parshail flures or sharp crested weirs. All groundwater withdrawals should be measured with 
totalling propellor meters. Records provided to he DOH must be certified in each case by a responsible authority. Falsification of 
records or negligence constitutes violation nf the law. In event reliable records are not provided, the Department of Hydrology 
shall have the authority to measure the water, charging costs to the use:. Fur:her all water measurenient instrunents and 
recorders shall be protected from tampering. Within municipalities, all users shall be metered individually. 

These data shall be compiled and published by tile Department of Hydrology. Such data may be used in planning by the 
Water Resources Council, Regional Commissions. and Ministries, nunicipalities, irrigation districts, and other parties. 

8. 	FINANCIAL ARRANGEMENTS 
Financing is a possible limiting factor in implementing any part of a water program. This applies to government service 

operations as well as capital improvement projects. Possible approaches to finance capital improvement include: issuance of 
revenue bonds in which repayment is made by the direct beneficiaries, issuance of general obligation bonds in which repayment 
is made by the public at large, and contributions of donor countries and organizations. To provide the needed financial services, 
a Yemen Water Bank, to be charted by the YARG, should be considered. Financing of government agencies may be through 
special district taxes, revenues from charges, and general taxes. AlI financing arrangements for new projects are subject to ap­
proval of the Water Resources Council. Also, the Council shall recommend iand review water related appropriations to the 
various iinis~ries. 

9. WATER QUALITY CONTROL 
The first obligation to water qn,,,ity control is protection of public F !alth. Thus all wastewaters should be treated. Also 

groundwater should be protected against contamination. Toward these ends, the following objectives should be implemented: 
(1) All communities receiving a water supply of 50 lpd or greater shall be sewered 
(2) Effluent standards should be established for all point source wastewater discharges. 
(3) All point source wastewater discharges should be treated to meet the effluent discharge standards. 
(4) Where reuse is feasible, the effluent should be treated to a commensurate water quality level. 
(5) Water quality monitoring networks should be set up for both surface waters and groundwaters.
(6) 	Standards shall be established for providing safe, palatable water for public water supply systems (e.g., involving 

treatment, monitoring, cross connection control, etc.). 

10. ENVIRONMENTAL PROTECTION 
Construction of new water projects or changes in practices should be assessed with respect to possible environmental dam­

age, loss of antiquities, and disruption of social structure. The rate at which change can be assimilated by the social and political 
systems should be assessed as well. 

11. GROUNDWATER DEVELOPMENT 
The Water Resources Council will provide leadership in the development and use of groundwater. The leadership objective 

is to assure that the "sustained yield" of the groundwater basin will not be exceeded, and to provide information on efficient use 
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of water. Licensing of well drillers, well permits, metering, etc. is desired as outlined in the correponding document on ground­
water policy. Because of special Importance of groundwater, a Groundwater Management Act shall be promulgated separately 
from this document. This Act shall prevail in the event of conflict. 

12. INSTITUTIONAL DEVELOPMENT 
The achievement of efficient and equitable water use and tileassurance that overdevelopment of groundwater will be con­

trolled will require new national institutions (e.g., thle Water Resources Council, devepment of a water conscious ethic, Vtc.), 
new regional institutionsleg., Regional Water Commissions). and reforms in local water institutions. The institutional develop­
ment should include means to settle disputes. 

13. TECHNICAL SERVICES 
The Water Resources Council shall support and pro inulgate the development of a Department of Hydrology Library, Its 

data acquisition and storage service, and its information dissemination activities. Also the Council shall provide and promulgate 
tiledevelopment of an extension service to advise and t,: icate groups and persons about water use. 

14. DONOR ACTIVII'IES 
The Water Resources Council shall be informed oti all water related activities of donor countries and organizations, and shall 

coordinate these activities The Council. along with Regional Water Commissions, shall provide leadership in identifying needs 
in whichl donor activities can serve, and shall approve and monitor these activities. 

15. NATIONAL WATER CODE 
A National Water Code should be developed over a period of years. Portions of tileCode should be specific to the water 

regions and water districts to reflect the variations in local customs. The Code should be based upon Islamic law and local tradi­
tion. adopted to fitthe modernizing development context of the country. 

16. EXTENSION 
A water extension service shall be initiated at the University of Sana'a. Service personnel shall be attached to each of the 

Regional Commissions. They shall work with cities, irrigation districts, and farmers on all matters related to efficient water use. 
Al o, the Service shall develop programs for public education about water use, e.g. video cassettes, short courses, site 
demonstrations, technical assistance, etc. 

17. PROFESSIONAL CADRE 
A country-wide cadre of water professionals shall be institutionalized as a professional group. Tihe group shall be conprised 

of persons in various fields such as econonics, law, finance. sanitation. Irrigation. water planning, etc. Members of the group 
shall be certified in their specialty area by an Academy of Water Professionals. Membership shall require a degree in a water field, 
two years of foreign practice, four years of practice inYemen, an oral interview, and a satisfactory mark on written examination. 
Salary and rank in government shall he tied to Academy men,hership. Seals of Academy members shall be required ott all 
documents pertaining to water. 

Manpower requirements shall be assessed by the Water Resources Council. The Council shall arrange scholarships abroad 
for selected candidate for degree programs at the B.S., M.S. and Ph.D. levels. Two year foreign internships shall be required as 
a part of each scholarship. Upon return to Yemen, a twelve-month Yemnen water indoctrination course shall be taken, supervis­
ed by the University. Academic studies, field trips, and internships with two or more private and government organizations shall 
be required. 

18. IMPLEMENTATION TIME-TABLE 
The provisions of this Act shall be implemented in ,sccordance with a time-table developed by tilestaff of the Water 

Resources Council. Years or decades may be required for sorte provisions. The staff should recommend amendments to the Act 
to reflect changing conditions and circumstances. 

19. ANNUAL REPORT 
The Council staff shall prepare an annual report for the Council which will: review the current water situation in Yemen, In­

dicate acute problems, and give direction for future activities. The report shall be disseminated widely. Each of tileRegional 
Commissions shall prepare similar reports for the Provincial governors, to be distributed widely within the region. 
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The government of the Yemen Arab Republic is (1) Groundwatervery much concerned with is a public resource belongingthe recent rapid decline of to all the people.the groundwater table in many areas of the country.The problem is particularly acute in the Sana'a Basin.
It is caused (2) The right to use the groundwater resourceby the widespread adoption of modern shall be granted by the government.drilling and pump technology, which has occurredover the past decade. Prior to this period, shallow (3) The groundwater resource sh,.ll hehand-dug wells managedwere used, as a renewable resource to be maintained in 

perpetuity.The groundwater resource in Yemen is in ,.!;ableand needs to be protected. Overpumping, seawater (1) Implementation responsibilityintrusion, and contamination shall beare the hazards, decentralized to the extent possible.Consequently, the government requested the CII)
Water Team to recomment emergency groundwater 
 (5) All groundwater withdrawals shall beregulations to provide the needed protection, metered. 
As with out recommendations on national water (6) Allpolicy, we have responded using the formal of an 

wells shall he registered. Permits will
be required to (drill a new well and toact. Again, this format facilitates discussion and operate a well.debate about definite provisions and which can beviewed from the broader perspective of a cotaplete (7) Well drillers shall be licened.
 

program.
 

6.1 KEY PROVISIONS (8) The proposed Water itesnrCes (Council andthe Regional Water Commissions shall have 
emergency authorityThe themes of the to cul back onl)roposed GroundwaterManagement Act are: withdrawals.(1) that a water balance must 6.2 PROPOSED GROUNDWATERbe maintained for each aquifer, i.e., over the long­term, annual withdrawals cannot exceedannual recharge. and (2) that it is 

average MANAGEMENT ACTthe policy of the The proposed Act whichgovernment to we have drafted dealsmanage the aquifer on such basis, with theThe key provisions of the 
need for emergency regulations as requested.Act are: But because the long-term need is for groundwater 

management, we have addressed this problem also. 
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NATIONAL GROUNDWATER MANAGEMENT ACT
 
INCLUDING PROVISIONS FOR EMERGENCY CONTROL
 

1. PURPOSE
 
It is the purpose of this Act to establish a national groundwater management policy and to provide for its implementation.

The Act is intended to establish a policy which may work to meet short-term emergency needs and to provide for long-term prac­
tices to manage groundwater. 

2. POLICY 
It is hereby declared national policy that groundwaters within the Yemen Arab Repubic shall be managed as a renewable 

resource to be maintained in perpetuity. Further, it is affirmed in accordance with the principles of the Shari'a that groundwater
is a national resource common to and therefi,,e owned by the people of the Yemen Arab Republic. As a consequence of this af­
firmation, this national resource w:i be managed and administered by the Government of the Republic for the common well­
being and mutual benefit of its -itizens. Therefore, the right to make withdrawals from the groundwater resources by the people
of this Republic shall be subjcct to the rules established herein. 

Within the guidelines of the Islamic Law Shari'a. priorities in the allocation of groundwater resources are by this Act
established as being in the order of domestic. agrk ultural, and industrial uses. They shall also follow the Sharl'a principlo that the 
landowner has preferential rights to use groundwater underlying his lands because they exist in his lands, anci the Islamic princi­
ple of right of prior appropriation or first in tine, firtin right as set forth in the texts jf figh which are accepted by the appropriate 
authorities of the Republic. 

3. RATIONALE 
Groundwater occurs in underground formatics of porous soil or fissured material. Itmoves through the formation under

the influence of hydraulic gradients which exist naturally from recharge areas or which are imposed by artificial means -uch as in­
jection wells. The basic premise in the management of a groundwater basin is that the sum of annual withdrawals from wells ano
natural outflows cannot exceed the average annual recharge rate. A continuous trend of static water table decline, for example,
indicates the principle is being violated and that the aquifer is being overdrawn. Such condition will be to the detriment of all 
users. Not only will it become necessary to incur the expense of deepening wells. with higher pumping costs, the aquifer could be
literally depleted of water. Because of the slow movement of groundwater, recovery of an aquifer is usually in terms of years or 
decades: thus, excessive water tab;e decline may be considered as irreversible damage to the aquifer. Therefore, it isincumbent 
upon government to promulgate rules for the common good so that any aquifer can be maintained as a water source in perpetui­
ty. Such rules shall be enforced in an equitable manner as deternined by the agency administering the Act, and subject to ap­
peals by the courts. 

By the same token, an aquifer may be irreversibiy daniaged by pollution from contaminants finding their way to the aquifer.
Protection of the groundwater body against damaging contaminants shall be a further responsibility of both citizens and public 
authorities. 

Seawater intrusion is a special case of groundwater contamination which, in Yemen, is unique to the Tihama Plain Once 
an aquifer Isso contaminated the effect is, again, irreversible. Thus, developm-c-t of the Tihama Aquifer requires special analysis
and controls such that intrusion of seawater can be averted. 

4. ADMINISTRATION 
4.1 WATER RESOURCES COUNCIL. The responsibility for the promulgation of this Act shall be vested with the Water 

Resources Council. The Council shall designate an agency to adminster the Act, or in lieu of a single agency, two or more agen­
cies to administer different portions of it. Unless specified otherwise, the ddministration shall be delegated as follows: 

() Aquifers serving as principal water sources for urban populations shall be managed by the National Water and Sewer­
age Authority. 

(2)All other aquifers, i.e., those serving villages and as Irrigation water supplies principally, shall be managed by the 
Ministry of Agriculture. 

(3)Monitoring of aquifer water levels and withdrawals and water quality data shall be coordinated by the Department of 
Hydrology. 

4.2 AUTHORITY. The responsibility and authority for implementation of this Act shall be dercntralized to the Regional
Water Commissions working with the cooperation of the Provincial Governors. The Provincial Governors within a given water 
region shall be members of the Regional Water Commission. 

4.3 REGIONAL WATER COMMISSIONS. Regional Water Commis.ions are discussed In the National Water Policy Act. 
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This section expands on the makeup of Commission members and the responsibility and authority of the Commission as related 
to groundwater management. The membership of the Commission shall be comprised of the Governor or his delegate, one or 
more representatives of water oriented regional development authorities as may exist (e.g., the Tihama Development 
Authority), a representative from each Local Development Authority, a representative from each municipal water department, 
and representatives of other agencies as may be appropriate, including regional representatives of m. A. NWSA, etc. At least 
two members of the Commission shall be engineers. The Commission shall retain tie services of an attorney who shall advise on 
matters of water law. The Commission shall have an Executive Director who shall be an educationally and professionally ex­
perienced water qualified personnel, The Commissions members shall serve terms of four years, individually staggered. The ex­
ecutive director shall serve a term of five years, renewable at the pleasure of the Water Resources Council who shall consider 
the recommendations of the Governor and of the Commission. 

4 4 DUTIES OF THE COMMISSION. The commissions shall enforce the Act in a manner and at a rate of implementation 
that is sensitive to local conditions including political atmosphere, social conditions, the need for economic development, and 
the imperative that a lung-term water balance be achieved or maintained. The Commission shall levy penalties to individuals in­
cluding corporations, municipalities, or groups who withdraw water in violation of their permits or to well drillers to enforce the 
provisions of this Act and to develop any necessary regulations to protect tie aquifers under its jurisdiction from long-term over­
draft, from pollution, and from seawater intrusion (for those aquifers of the Tihama Plain). 

The Commission shall authorize studies as necessary, in cooperation with the pertinent agency of tilenational government, 
to determine the -sustained yield" or each aquifer under its jurisdictionm. Generally, this determination shall be based upon long­
term records of water table measurements, e.g.. empirically, vis-a-vis by modeling approaches. Ior the short-term, however, the 
sustained yield shall be based upon whatever methods are determined appropriate by qualified professionals. 

The Commission shall assure that all water withdrawals from each aquifer under its jurisdiction will be measured, and that 
records will be maintained and analyzed. Such records will serve as the basis for enforcement and for determination of total an­
nual withdrawals of water, If total withdrawals for any given year are determined to be in excess of the long-term sustained yield, 
the Commission shall determine a formula for cutback of withdrawal amounts on individual permits as they are renewed. 

5. GROUNDWATER REGIONS 
The country will be subdivided into "hydrologic regions" and into "water management regions." The Tihama Plain is an ex­

ample of a hydrologic region. Within each hydrologic region, hydrologic units shall be identified. Wadi Zabid is an example 
within the Tihama. In some cases, the hydrologic region may have only one hydrologic unit identical with the region Within 
each hydrologocal unit, groundwater basins will be identified. In some cases where ar aquifer intersects several hydrologic units, 
aq inthe Tilanrla Plain, groundwater basins may he artificiall' designated inaccordance with hydrologic unit. These basins will 
be tme basis for managenrent of the groundwater resource, The knowledge will be used in the formulation of the water manage­
toent districts described in Section 5 of the National Water Policy Act 

6. METERING 
6.1 GENERAL. All pumped water withdrawals from any groundwalr basin shall be measured by a propellor type totaling 

water meter. All meters within the Yemen shall be of one proprieLtory brand. The choice shall be based upon reliability, simplicity, 
accuracy, ease of maintenance, lamper-proof qualities. reading features, and availability of spare parts and cost. Several meters 
shall be installed for one year trials prior to the final selection. The WRC will make the final selection with the advice to tile 
Regional Commissions. The meters shall be owned by the respective Regional Commissions. They shall be paid for by the well 
owner's permi! fees; tilecost may be amortized over a ten-year period. 

6.2 READING AND MAINTENANCE. Each meter shall be read at regular intervals, which may be quarterly, seniannually, 
or annually, as appropriate. The meter readings shall be recorded or forms provided by the WRC. The owner shall be informed 
of the amount of water used during the period relative to the permit allowance, and of the quarterly charges for the water 
pumped. The meter shall receive routine maintenance in accordance with a regular schedule, Any evidence of tampering with a 
meter shall be a misdemeanor and subject to penalties. 

7. PERMIT REQUIREMENTS 
All owners of wells having mechanical pumps must: (l)have registration for tile well, and (2)have an operating permit. In 

addition, any party desiring to drill a new well must have a drilling permit. 
7.1 WELL REGISTRATION. Every well, either new or old, having a mechanical pump shall be registered. The registration 

shall contain the following information: 
(I)Purpose of well (e.g., irrigation, municipal water supply, individual water supply). 
(2)Number of persons to be served or number of hectares to be irrigated. 
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(3) 	 Date well was drilled. 
(4) Date registration Is submitted. 
(5) Pump and motor specifications (e.g., type of pump, impellor diameter, capacity of pump at specified head, power of 

motor, type of motor, motor rpm). 
(6) 	Well log data. 
(7)Diameter of well 
(8) 	Drilling methoJ used. 
(9)Casing information. 
(10) 	 Depth of static water level at date of filing. 
(11) 	 Protection provided from surface drainage. 
(12) 	 Proposed daily and annual operating schedule. 
(13) 	 Coordinates of well. 
(14) 	 Distances to other wel:s. 
(15) 	 Descriptive location of well. 
(16) 	 Pumping test results. 
(17) Name of drilling contractor. 

An 	addendum to the registration shall be filed at the time any significant changes are made. 
The well registration shall be filed with the Regional Commission, who shall provide a copy to the Department of 

Hydrology. The DOH shall maintain the records by computer file and shall map the location of each well. A registration cer­
tificate shall be a metal plate attached to the motor housing and shall contain information on the date of registration, the name of 
the uwner, and the name of the drilling contractor. 

7.2 OPERATING PERMIT. Each well owner must have an operating permit. The initial pernit application shall be filed with 
the Regional Commission and shall be accompanied by an application fee sufficient to cover tht cost of processing the app, a­
tion. The application shall contain the following information: (1) date, (2) d3t.e of filing of registration, (3)annual amount of 
water to be pumped. and (4) daily maximum amounts of water to be pumped. 

The permit application shall be processed within 60 days of filing. The permit shall state the limit on the annual amount of 
water to be pumped, the daily maximum withdrawal amount, and ine charges to be levied annually, and the penalties for non­
compliance. At the time the permit Is issued, the well owner must pay a one time fee to cover the cost of the meter and the cost of
installation. The fee shall include also the first year fee for meter reading costs and maintenance. The latter fee is payable annual­
ly in advance. The owner shall be charged for any damage to the meter and shall be levied a penalty charge for not reporting
such damage within thirty days. Ail permit applications shall be renewed every five years, i.e., in 1985, 1990, 1995, 2000, etc. 

7.3 ENFORCEMENT OF REGISTRATION REQUIREMENT ANJD PERMIT COMPLIANCE. Each well owner shall register
the well or wells owned within six months of passage of the Act. If the owner is unable to process the registration and or the per­
mit application, the Commission should be notified. A staff member will provide the necessaiy assistance. A licensed well driller 
may provide the information needed. 

The operating permit must be obtained within six months of passage of the Act. Noncompliance with permit procurement
shall cause the well owner to be subject to a fine. Penalties for noncompliance with the permit withdr.wal amount shall be i
terms of either user charges, or reduction in withdrawal, or In the case of chronic violation, well shutdown, as determlned by the 
Commission. 

7.4 EXTENSION PROGRAM. Education of well owners to operate their pumps in compliance with their respective permits
shall take place on a continuous basis as a program of each Regional Commission. Penalties for noncompliance with the
operating permit shall be waived until two years after passage of the Act. Flagrant and willfull violators will be subject to penalties.

7.5 DRILLING PERMIT. Any party desiring to drill a new well must obtain a drilitng pcrmit prior to commencing work. The
application should state all information feasible to state on the well registration form and should be accompanied by an operating
permit application. These two documents comprise a drilling permit application. The application shall be processed within 90 
days of receipt by the Commission. 

A drilling permit may be denied or modified for the following reasons: (i)the well may interfere with existing ones In the
vicinity, (2) the groundwater basin is already overappropriated, (3)plans have been developed or are developing for full ap­
propriation of the groundwater basin, and (4)uncertainty exists as to whether the basin is overappropriated. If apermit Is denied 
or modified substantially, the applicant may appeal to the Commission, and if not satisfied, through courts. Application for wells 
to supply domestic water shall be given highest priority, but no permit shall be given if the persons to be served are within the ser­
vice area of a public water supply capable of supplying the necessary service. 
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8. LICENSING OF WELL DRILLERS 
Well drilling shall be done only by qualified licensed well drilling contractors. The granting of a license and its renewal shall 

be based upon experience, equipment inventory, past record of accomplishments, financial responsibility, and continued com­
pliance with the provisions of the license. To maintain a current license, the contractor shall submit an annual report indicating 
the number of wells drilled, the location of each, well logs. and results of drawdown pumping tests for each. Both shall be cer­
tified by the well driller and copies shall be furnished to the well owners. The contractor shall inform the Regional Commission of 
any well drilling activities ongoing or planned. This isto serve as across-check on the compliance of owners with well drilling per­
mit application 

The license shall be renewed annually by the Commission subject to payment of a lic osv renewal fee and the filing of the re­
quired report. Failure to comply within thirty (lays wII result in a late fee penalty Failure to comply within 90 days will result in 
another late fee and the license will be suspended. Failure to comply within six months will result in the license being revoked. 
Reinstatement will require payment of penalty fees and reapplication. Notification will not be given by the Commission. 

9. WATER QUALITY MONITORING 
Water samples shall be obtained from each well at least once each year. The samples are to be collected by representatives 

of the Commission at the time meters are read or as roulin, meter maintenance is performed. Sample collection and reporting 
procedures are to be specified by tileDO1f Both chemical and bacteriological analyses shall be performed. 

10. EMERGENCY CONTROLS 
The WRC shall review, together with the Regional Water Commissions and the Provincial Governors, the status of each 

groundwater region of the country within 60 days of passage of this Act. The Council will then classify all regions with respect to 
severity of overpumping, pollution, or s-awater intrusion 

Those aquifers indanger of irreversible damage, as perceived by the judgement of the Commissions and the Governors 
shall be declared subject to emer lency controls If Commissions have not been formed the WRC shall assumE that role. Insuch 
cases, the Council shall have authority to' (1)define the boundaries of the emergcy zone, (2)categorically ban construction 
of any new wells, and l3) issue pumping cut back schedules for existing wells. "fie authority of the Commission to implement 
these provisions shall be absolute. Violations will be subject to fines, to withdrawal of tile owner operating permit, or to closure of 
tile well. as necessary. An Appeals Board shall be appointed by the Commission to hear appeals. i parties having contentions. 

At any time this provision is implemented the Commission shall institute simultaneously a citizen education program. The 
program shall be ained toward explaining to the well ou,'ners. the affected parties, and tile citizens at large the reasons for invok­
ing the emergency control provision 

11. REALLOCATION OF WATER RIGHTS 
Because the emergency control section of this Act is likely to be invoked for a long-term, provision shall be made for 

reallocation of water withdrawal permit allocations through purchase. Such purchases shall be permitted from agricultural users 
to domestic users. In some cases private agricultural wells may be condemned by Regional Commissions in behalf of municipal 
water districts. Condemnation shall be granted only after the municipality has nade diligent effects to reduce consumption 
through household metering arid adoption of a rate structure aimed at reducing waste and at controlling of leaks within the 
system. Also there should be consideration of tile feasibility to replace a portion of the condemned water with treated 
wastewate:. Prior to condemnation, the municipality shall make every effort toward purchase of a permit allocation Such pur­
chase efforts shall be initiated years in advance of actual need Inevent purchase is not possible, the condemnation shall start 
with the most junior permit holder. 

12. EXCEPTIONS 
The policy of sustained yield for all groundwater basins shall prevail as the general operating policy of the country. Excep­

tions are: (1)a groundwater basin already may be depleted of significant storage at the time this Act is implemented, and (2)it 
may be justifiable to utilize groundwater in some basins as a stock resource. In the former case, the basin should be operated on a 
sustained yield basis for all subsequent years. In the latter case, a groundwater basin may be operated as a stock resource only 
after development of a long-term plan and upon recommendation of the Regional Commission and approval of the Council. 

13. SCHEDULE OF IMPLEMENTATION 
The SRC s'.all draw up a schedule for implementing the provisions of this Act consistent with funds, available staff, and a 

commensurate citizen education program appropriate to the different regions of the com,,Mry. In general however, Section 10, 
Emergency Controls. shall apply Immediately and so shall Section 7.4, Drilling permit, and Section 8, Licensing of Well Drillers. 
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It is recommended that full implementation of the Act be carried out at a fast timetable in two or more selected groundwater 
basins or regions. 

14. STAFFING 
Full implementation of the Act will require both a professional engineer cadre in the responsible agencies and a group of 

tiained technicians and clerks to maintain meters, read meters, measure water table levels, record and store data, process permit
applications, direct the data acquisition and processing, interpret data results, enforce the Act, and advise the Council and the 
feqional Commissions, as the case may be. The professional cadre should be baccala:tueate level graduates of recognized
vnqineeriny schools with two or four year internships with established agencies. An Engineer-in-Training certificate is strongly 
r.corniiiendei anid a piofessional engineer's license is encouraged. 

I ev'lopIi tiii dSoffic1tnt professioiial cadre may require 10 to 15 years The professional cadre will train the technicians 
,i I ls s It r eonnwrtd that a training program be instituted at one of the two recommended pilot managemenot regin is
II additin. flit' lt ira Leniqent region should be used to establish operating procedures and to more accurately determine 
stadffILrj IC.lirernens 

15. FINANCING 
'li beneficianies of tre groundwater resource shal bear the primary cost of the groundwater management costs The fees 

artoed shall, after 10 years, be adequate to cover the cost of operating the Regional Commissions and the central staffs at the 
intioitil governrment The fee structure shall begin slowly Those paying the fees should be educated that such management 
c, sts are necessary both to assure a degree of equity in allocation of the resource and to preserve its long-term lroduclivity. 
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Agriculture has been an economic pursuit in
Yemen for thousands of years. But it has been 
subsistence largely, with only a nominal amount ofmarket orientation. Recent increases in personal
income due to employment opportunities abroad have 
upset this ancient balance. With the country
committed to economic development, agricultural
productivity is of special concern. This chapter
reviews some of the factors related to agricultural
productivity with special focus upon water. 

7.1 BACKGROUND 

Useful background information on agriculturi

activity in Yemen is provided in the (1O Swi.' 

Report (1978). A few facts are extracted from thi,

report to provide a brief contextual overview.: t,Ir 

subject. 


Tie area of Yemen is about 135,201) st ki.
Cultivated land amounts to 1.515,000 ha. or abtout 

I1 percent of the land area. Rain-fed agricultural 

land is about 1.277,000 ha, most of which is terraced

land. Figure 2.5 shows its geographic rtistritrution. 

The other 238,000 ha are irrigated of which 

120,000 ira are spate irrigated and 73.000 ha art'
irrigate(! hy pumped groundwater. 

Grains, e.g., sorghum, millet, maize, wheat and 

barley are 
 grown on 90 percent of the cultivated 

land. IHowever, these crops are not marketed Ti'he

market oriented production is limited to a few crops

such as cotton. hides, coffee, qat , ve'getabl,.s.

fruits, and live animals. 

Of special interest is the level of exports Of f, ,d

and fiber in relation to irlorts. In 1975 throurglr

1976, the exports of the atove mentioned rnarket 

crops was 10.6 million Yemen Rials, compared with 

commodity imports of 839 million Yemen Itials. Total 

exports and imports were 511.0 and 1797 Yt. 

respectively. 

7.2 PROBLEM 

The question of how to increase the productivity
of agriculture has many facets, e.g., technical,
economic, social, political, cultural, er. Agricultural
economics is the most prominent and must toe the
analytical basis for any comprehensive lrrograr
related to this subject. 

Another facet relates to water. flow can the 
water resources he exploited and utilized to maximize 
agricultural production? 'IThe question is addre'ssed in 
this chapter. Both rain-fed terraced agriculture and 
irrigated agriculture are considered. h'le mainemphasis on the latter. 

7.3 PRESENT PRACTICES - OBSERVATIONS 

"l'crraces. (;rowing crops on tIh' steep mountain 
terraces of Yemen is a highly labor intensive 
Operation. It lends itself to very little, if any,
economical mechanization. Further', due to the terrain 
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characteristics, m-.chanization would ho difficult and
perhaps not economic. But this orght to be studied. 

l'roductivity of these terraces varies from good
to poor. The fertility of the soils was not determined 
but this variation in production is no doubt due to
differences in such factors as fertility, frequency and 
amount of rainfall, and management. 

Irrigation of crops on these mountain terraces is 
dlt'endent entirely upon rainfall. lvrtility and crop[,,tation appear to offer the best possibilities for' 
increasing both the quality and quantity of cropsgruown. Nontillage is proving very effective through­
,ut the world and should be given consideration also. 
'lanting a new crop with the residue of the recently

harvested crop still on the ground is proving
hetneficial in erosion control, tilth, etc. 

Transporting crops off tIre terraces has and
always will remain a tremendously difficult job and 
adds to the fact that terrace farming will always 
remain a rigorous way of life. Consideration should 
te given to what might happen if farming should 
cease ,t these terraces. 

Iligh. Plafins. Some of the high plhins areas of 
Yemen offer good possibilities for increased foodproduction. In sonre areas, the flow of water in the 
wadis is continuous, in others, it is intermittent. 
Areas where the streams are in tc rm it tent offer
possibilities for underground water development.
With careful development and use of the underground
supply, wells could be utilized to supplement irriga­
!ion w;'ter during periods when the wadis are dry.
'Saft yield" which is the balance tetween withdrawals 
and recharging capabilities should he tilt determinant. 
It should be kept in mind, however. the improved
water application efficiency will result not only in less 
water lost to the atmosphere ty evaporation, but also 
in less Water prercolating into the underground supply. 

Tihama Plain. Traditionally, crop waterrequii'emen-ts- on-the Tihama 'lain have been met by

the floodt waters from 
 rains in the motintains. 
G-roundwater has been another source of supply which
has been developed rapidtly over recent Years. lMrore 
effective management of toth thr surface and ground­
waters could increase substantially thI' prortuctivity Of
these lands. Tihe basic idea is it, provide the means 
fo. all farmers to irrigate in accordance with crop
water needs rather than only when water is available. 
This could be done by utilizing groundwater conjunc­
tively with surface water and perhaps developing
additional surface storage. Institutional modifications 
would be necessary to permit this lractice. 

The flood waters in the wadis are generally of 
high intensity and short duration, although sorie have a constant base flow which is somewhat dependable.
Ilse of these flood waters for irrigation is accom­
plished by constructing diversion dams to direct the 
water out of the wadis and into canals. Most diver­
sion dams are built by hand or tractor from the 
sediment deposits in the wadi. Itigh intensity floods 
wash away these dams and constant replacement is 
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necessary. Construction of a more durable diversion leveling is needed.structure should be a long-term goal. The large one level 
Fields which are not 

at Wadi Zabld 
cannot be irrigated effic ienti by floodis an example, but it is very methods. 

expensive. 

These deiigned structures will not only reduce (4) Cultural- Practices. Cultural practices

labor requirements, but hiave --be-en developed over the years.
they will provide for both Mechanization andI utilizationbetter con tr'oi of of pumlps forthe water an] measurement. Good irrigaltion havecon trol and measulrement are necessary cleat oI a ie'Id to develop

,'mproved)acits ;1) pt' I I;IIa ,tt.t Iitwlter (listribtttion is to be tpracticed. 
if 
It t, ' ollodt'In was not agricu Ittireclear that measurement devices were :Ipart of thediversion works at Wadi Zabid. Nor were headgates (5) Mechanization. In tm instnces.seen it the distribution system to control the flow of 

util*iatiot 
wate' out o t hi of agricultural machinery in needed. Theland, use of Smaller mcehlinized etuinpilt-n t shIttlld 

At Wadi Zabid it was reported that is mnuch ;is Le investigated also. Iis would include100 cm is applied small hand tIloI0Fo. imtilti.ntll.s 'pr;yIers,;it ollttile. The project could he etc. , such ;isI't,lll throutghout the tarlurther developed to permit hot h lleas relnll and FastI.bette'r cont rol. Such upgradingIlodelI'm".1 d,'-th)lopsimlarl~l would provide ;a gt'oent of' tllhel. wadis. (G) F(llilizer:,. lll'-c
tiidt"., Wrf'd Conolll
,.
 

It, dh-vtelo
G(ro' 1)I/'va1, lll I inl the T]ihlalnmPlain f'vrtlilizer.-
T'helret is , nil.1 ls ht stltdy,. nd "rtbic,hI ofhe
pro'lvidles :I 1 l i'l tc, o ppl ti~/ll 
, IwI, th,- I.' ites.it, tol pro'vide, as.s.Urallce{ 
 W\eed 'onlt l] Ilia' . I- ithat cr'op Ineds , ., ,I Ilil t lt orll i,'I" Ilay ie satisfied, wvhic'hcouldl ilnII)I'0Vtd
etIltll'd pra:ctic'! 

grea ly increase the pro(ductivity of the irrigaltedlands. Such K'Oundvater development should not he,
committed tt iew irrigated lands. lather 
(7) Seed. The flrteirs ItiI- 1t s-i. aid hilint
the grourd- teivlr onvi Seed from to' el.Wlt(T sIihoulh tohi Useid in the colljuntivt' Evenmlt tniter thilosttt io'n,. thi's I)otstabilize th, water availability to lantsitr)esenllv good

P)ractice Eveniwrigrlited AIso )tteasu rI'vIit of, 
Kil sttd through lttralOIt (suchgroundwater selectivewiitht'awals pl'ot' es Iti'i It, "'lillis imlerative. Meilsutielliinl of with- out. 

drawals conmbinel with 
Good seed., olth hotal in1 iIpot'tled, appearobservations of the waler Lle sh availale tll notovet' i periotd oI \'ers widt.ly dittlitcd of(anlptemit deter't min;ation of utilized Thcr,,"safe 

tile i I n,t if'orl ;n Xiuldedvield" of the tqlui'er. The penalty tiir violattion and ictivi, seedt iltlt iptiit'Alt uhit'tof the safe yield c onucept litibeTlhisiis e.sIccially,v 11cl of) the sevelre ot' disaist s'tl.Tihlaila I'Lam where, Ihr (8) New and Improvtcd \'ariaelit-tIlT.p~etllY IS,seilwa.'; lied
I in~tusion. forI new ;fi11] improve~d valr(iec is, oftehn7.4 GENERAL RECOMMIENDATIONS 
e 
 ritd indl iurol'ttehhgsigbrte iudl devel,,p,­
t.4 countALI1E At 1t01-tc t.'Orfe.tinuhRELATED TO AGRICULTURE ii' can I 
accomplished through sel'etion and improve-

Whil ment of local e Vrving thethe n thill aili dat.,,o+f,f'etor's is upo wilteill',+o',v,,' ",iie
art.e l ., thisislilt are it, haiaddre'(ssedl belowv ly id lth d otmuch . i Ily, caIt ict'l ikh
 
Thyincludhe the ",,llmlin
 

cim n rti'l l'i h iett i o,n t o t e rnt ttantdss(9 ) Ag r ic u ltu ra l Stttra get and Farmerti' - g tllillil fttt i. S ch iioova 
to apl ied i 

lu-rve s ;he 'lli tlpIe k litigi l "li'il N al , t;I Itit(,ln thei rltt lltzne io e carried o uthy th, privti e tt'. intheoiStUl'et seis te letd Thisi eqtttiJilty s t b lly irstances lllakeltin irnt' is g it( nso that ti' tilil of irrigins (;illbte weekly
Cwit 'o11V inti.t l. i111 he 
basis an] is highly lo elized.(it"I)tgldell I (I'))lTla t enhur e is i1ti.the i based onr Il m kelvto; 'ics orflaIl :ioi' t o ds hut a vatlue of g tl yt,,odsexfitIntal l(gIite ''IllSto3'Ke res vI'vl t'ilx itoS Iin Ieroll t't(It ,, Cooperative iOtttit play ;ivital l'twhich tiShg Ithe uili{d Ill this mainner. inarkit of'" il . (prod 

ill he 
ingni.e., itrll
in llnjnctiso n ilth ood flowsil 

ue l ; Sttrage 
appear s total, intladequat t t of tlhee and
ri saiughtr. to lttv tolle . r nldtlen littis eler. The tleid 
fo r n, g ee l it loidl iil n lvehnnr iletKu(2) Efficien Irrigatitn Irrigation in excess 

I sil :illdgruherttwIran
 
h-

of marketing appears critical
al )Unl needJed to Ihrinlgflit, 
 it torstaer 

then e ln 

impoihnt reitiYnshii etw entii th( aos oftheneficial Io fi'd curli is neto . the,,teelrO[. Tht, lT('nt |)I'C-tcite G v C'o\lntl1CeS11101-Cearo illporit'd gnootsmnt lo aell slcionandn(echaiz~j-edmlv lrntie of spate irriifation toftn irrigls ields 

witli 100 im of wtelli duirin a I wingle pli ) Land Tehure and Tribalirrigalin ispute. I+to 30 cmIl,thedel~enlldnKrootthoneUpJon twd only ed 
¢ iila type of cropl10 . terlurtedlev.elop)ment,is gemeraliv detimental to aliricun­ltral pa);rticularly ];arg,scalieStaIge of gfrowth. Soil]typ,|e t('. While it developmet .t Trijbal lisI)uteS alIlraIVt~itl
in~ly lie(arguel(d 
 Ih;]Iitth excess lVatel" mnostsVIrioSi n tilhe lnOl'tIh(a;I po+rtion (;Iapplied replenishes v~roundlwater, alternative (-I'll

the e(uniry contlributed little' devIoI)­pIractices otught toto be( studied relative to Inent. ]tegardless, these are? factors thatcosts ;ind benefits of increasing irrigteaion
efficiency, and the role or low 

Inusl bie livedI with and e(ollsidered whellirrigaltion p~lanning development pr'ogrunHlS.
efficieney in mainta iningf groundlwater. 

In travelingf throughout YAIH, it(3) Laind! Lev.eling. The, terrac:es in 
was evident that ll(,hthe Government, wc(llas as v.ariotusdonor ;h,'enci(.s weremountain ar'eas are .well Igradedl and well p~lacingf emphasis on the, ahove points.drained . [litl( n flit, coastal plains , an d 

Much has V,(t 
-



-- 
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to be lone, however, and the ahove conside'at ions l)emnsl'trlion Farms. Recognizing the need forshould be addressed further, applied a griculturaI re-seareh and extension,e int In 
(I'-coi'd with : re(luest fr-om7.5 SPECIFIC RECOMMENDATIONS theillinistry tile estah-FOR listment of two dremonsitration farms is r'ecommended.IMPROVED ON-FARM WATER MANAGEMENT 'rl- prinijpl, tunetion theseof farms would he to 
dtevelopi annd dtemoIStiateLocaI Wa ter" Adininistration. Farm-s implrovei water managementshoult and other-' {Ilturlal plactives essential to ince'ase foodbecone aiu ainted with legal and oitninisti-trir Stlrc- liodulion. lJrin-onsti-ation plots vould also be estab­tures used in their- local aIt-as ald then tecik ac tcci. it listhed t lr oper'ty of the m1oe1 plogressivein influencing imprl-_Ovements in existing laws jand f;ilrjjerI's, thus ellcoura:Iging )ther fai-Inet-s il the ururapatterns of opet -ation. I, adopt itnli-oved plr-:iticedt and techniques. It i, 
euvisioer-dt that these farmns neei heIr.igat.o -ani.atiors.The I*t'- of oi-ganical no lal'gel Iran 2r 

for-med teliver-
to lI hectar-.s. Although not specifically included into irrigation water, and t, 'rain land I,, it p- 'ogram. consideration should he given to storagt.of tht- utmost illl c e'tIMCtin irr ti.ntli ffi 'r-'1.t f;ic!ii , i'. nsior , mairketing, ailt seti lirotLuctiol.wattr- manargementl tI , (od itr'igation pirj. .'rI" Soni Col Iwl';titt effor't could he under-taken withIilf­ha''r. failed fcau t ill il;ppropr'iat forn ,f ItI't -till *i establishdl FA(t Seed Multiptlization I'rogauiorganz'ition %;irs focatillilltltd. litanl. 

The- mist sri irstlu irri";tihrr tI-Jiisis hmtc- tralining. plol.ais or olral resolint -htlbie-n thrs trowrned mti o;i,-r-;trt! lV Ihr t;It '" ilr,' :in illtrg-;rl tll of illc Il' ar;l. 
li , 

This stouilh irctlr-eWhelln the tr.(.Is are inilved dilvctI Iewrt ilittrr-stI i" orlf;j'i-r tiainil., ;is welfl as cvr-r ios degrer- wlk.keen o(li Itir shtr-v it es atr' i*i,-u cll-id ;tl :1 Iitl 
It

Ire possihhl to dievelopi shtl-t cou-sr-s (sixnomrrin;l cost mo of tfr71, sI rrll-rjirisr-s airtrIlr, -l aIlllhi) with such orlnics i s rIlltir'llatirralon I onirn otit lma is. 'laV-'stl'"arnid John fIrt''tr. 

Mallagrir'llit It- rlo" illlitmi lll ;ta tll" in goodg titi;ilma Plain ftesinstatl ion l";rrillt. S vi--ratwater ;tplicajtion ticrrijC to pt'otrvidh olill ]'irirao, th;rIohavebeenIrrrn ssuglg-st.-rias possible itts trr apitlucttion is, Thistr;rgr-rrri-nititir -s irl'l' Illiii-;isrrrr- itr;iiolwistliIurnd (I'riitrol wa l1 ; [Ut n otir, f tt Ijiri- prtorriiirg sit-+,,itilillig .t"N1ut -oii r-ril il l it Il ,wur- th rl, iii:rm 'in (;lme,i,hi P'rojr--tIpp!i ti I ltd of,I tns IlIil ti irrirt + 
lIt r rol, 'li,- ti e Warti , ulil'jifi ;irs . Tris h t t nanrlasite- trl, a i r-type f iIr-i-ga ioun S'YsI Ill is Iliprl'tr i hil 1ti1tIt ll-d 

sophis.i 
t l l-ve>ll - t' , oitf Wattrl'. Also it i i-;ily ujciiissili­,t( il ' 'VIr-ii l-",1I ,'"iru uir iil will it- ' fr1ia Itdolt ;i OlitI ll location would oll'1 tirt otpptor­tffi(itrntlv if it is nu'fnrir-grit to Iv c Ir- m 11triri lurirr to is lnditi ; p li-','cl wh ih ioul miake-tlt triqrlli-sit"f g rt aI ,sic t i1-tr i"rr lnining-- 'lg'irfi tiI lri[tlrititn tiot il urgruitiltulr-l tlrriitjir-tiirmnrt is ililr)tl;Irit hi-ji:rt as ,il Ii-hmloi . isi-it All in Yr'Inrir withill a1 ptr-iiodurgr-icultill-u l tw tlrsiill stl- Vit iiusl 

of otir \var fIo i stlu lish :ave ;il
riole ni-

Ijili- l rii;rl" woltlt in talltli rjri-iIia lanid wotrtd Ieq ril',it- -ji iYil. Illi-t ,iij',5. t 'lonic nirrrit-d iitj t I i 

ii1ni i- : krrl ou l be.ets rcali - Ther ii'iVi' iei it ii .var-ictiS, -dii swasti COnti l, ill'i ,i 
of .

i , ''I, ilipr 'i- id (I Dt-mt-r'iilstr'l'n ion of ni-w arld Itovtrl inithtoiitswurter- rrrllrgr-iirr-Irl ;il llees - i , ito' III[" if ota-l i-I' il-ligation. iiii trutlh sui-furci­I-s alcihti • A rri-;rrih uwirr;ili should i t- ,r-I iji ro ilg ioundwat-itthrlo gh ihie tlol u ti ,thi1r-ir'cl ol)i[liiillrrr t-iorei(rl I's r-t tI hplt ii rit if frii'ili t i , 12) Dev-er'loprientl (if new aind ilit-orci-it r-iilli-;ilill Yremr-n 
I e ri-i(-'.santd echi uitlirs 

lt+iolljliilrs il. 'liih- iillllii.ll's llll g oi known (3) T'- lillg if ilitfti,ri-lt t'oi vaiiti is aritfaicta rand tlileti-is ;it It- frl'in li-v.i tric dcur-ti.-lfotijl-jt rif -ulivairs nui-v sujitedadjurlt i -t,siuii . hr1si rrur-lri Ifis cili ti- i iienil-
furb uii itd s illiialit icondrtitiors rith li til-id
 

plishtd in Iwo wi 'vs. elihiistl'alion tirjri-ts ruinl 
 hi- irrigar ilnestabli'htitd Wiliil uirth i -t , lll ;iri-u -iri lie sitsirlh for ihi, glwing" ot cips itil-w'i'l-Y ar li. i) lsting aitd evaliatirin if diffi-i-nt levils rifdenlo strali- gi l rilli I l i;l'I ifTh i'l li t tr-t ili-i-c tl l. i ;l iiior'rl'iire til-r 01ritri-l Illwm-t in ;ill ;I r-t-Is rutf ririrgrlilio s . A Si,c ini rliti u i sd h,i td. hup I rui'iit'd (.r ' oI li-ttus l sil an uitiut;l,- irnseciides aItl 'i~Ig v %Vlhll , ' ;cllt 1;ik(. kinown,.l ;1l/t pll' Vtll hetl-li'ld e,-,. 
i' ltil';il trrctii- f-rirrli ;iro-s l l,- ; ld assist hriu illud il t hngni ,l ii s wi fli iulr ,irrlilion .ns Waili ,tiwt li,-n il iliuulr lIt'-n tevelopimernt in 

DiJ-'iniagt!. In1 thr- rc iurts 
Ill- Walrti ,tawf recgiul is c1surili-rite sl-rially inliuut­mid pii lurir ini-ig ol, ri 111rl

triri' -rs 
ti fHir Yi'-rlllrr govi 'lrlrri-rt S ilij cilinlitioi sill Yr-ri-ll, it i-liltrll illiilitli I is l-in hiv i(,il,.-itlt it in itiff -l'-v igiv n to dlrurinaurr . Ni, i ri-iu td ;rgr-i ij t 

ltJuillots iit tiriitr-i ofagri-iiltul-al tlirolitrio tni and iirim l htsitl rolaltdit,hars ien slii isso'trJ fr igtI- t tll Iiinf' %witf irt Tlr-, is ai liveidi for dtinluislt r tiurn nirit ei-li- oll irrinilid ing nlrururi-. Irr'iuratiun indt Iriilla -e goi huitltl tht folowitg ulr'-is:
in hairnd iA eqtilrt t -rh;iiirigi inlit-ro-0VV suil Stljll-t Li'-,anid livi'pettiilts it- iir-oui(iviity if soils. !Wr inugi ,- I ) Dtevi-lopme-nt if it-v ulit iniii1i, .d oin-fai­is Ihn- fi ,-st i'ltiiir-litit in i-turlaillirtio ot' w irtr-log-flrt watir- urpppl ication techni-lit . 
salinrti ain alkali soits. m-)rinrgi- als, ni I-cr-ssanituiry arnd lialth coundlitioinrs and inakie ti-'al lift- (2) Dt.e'eopmeintil of new indr ilnllrtoved c-ilt carsil- d-silaldi-. A dr'ruinig. li.oigi.lm shiuht iliii- ardapted to local onditiitns. Flnthaisisintegrial part in eich iuliuitlioti p-oji-t'l should bte plrcet oil trrros having rlioighlt 

and salinity iesistance . 
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(3) 	 Development of new or improved cultural Water be(4) should applied to the depthpractices and techniques are needed, required to fill the root zone.related to date, rate, method of planting requires measurement of the water flow 
This

tocultivation and harvest, and investigation of the field and calculating the time required
possibilities for mechanization. for the flow. For example, if the root zone 

requires 5.4 cm of water, the field is(,4) 	 )etermination of appropriate type, rate, in size and 
5 ha

the flow of the irrigation streamand timing of fertilizer application, is 30 liters per second. tile time. I, 
required for irrigation is:(5) 	 Crop production. Study local pests antd 28 x 5ha x54 mmdiseases to determine control measures. t 25.2 	 hours.30 liters/sec 

(6) 	 Investigate drainage needs and include (The factor 28 is a conversion 	 for theneeded tractices. heterogenous units.) 

Much agricultural development work has 	 been (5) Irrigation efficiency is defined as:undertaken and comleted ill the coastal plains

region. Still there is need for more demonstration 
 ff. = wt' __used by croand 	 development of improved methods which will 	 water delivered 
increase food production, Watli 	 ,lawf presents a If the depth of water aplllied in the abovedifferent situation i tllhat tIh area has ben largely example is 13.5 cm, the irrigation efficiency
ignored insoalr as develojillen is gonte'ltletl . Thet 	 would be:
development of improved water utilization or manage-
ment is coincident with other aspects of development. Eff. 

5 cm 

The 	
.-F x 100 z ,10 percentproposed demonstration fits with this overall I 	 cm " impetus to deverlop the region. With proper planning Different irrigation systems have uiffetenand careful screening of expatriate personnel, the efliciencies. For' Examilewil flooding may hayer:30 

proposed projects could yield significant results T e efficienc wih good ing may and 0 program woul bie in harnrony with the USAll) goal to to 50 percent efficiency with good management and 1improve the (]aily lift of individual farmers. 	 to 30 percent with lor management Iy eomparison 
the corresponding figures for dhtip irrigation are tilt Itc

7.6 IRRIGATION PRINCIPLES 	 80 percent and 50 to tO ltere'nt 

Tie 	 imrtatce of mlifying irrigation practict's Although the above princilpes art ideals, the'yto tonforrn totrrotl'tn nolt rS of s;irrrt ifit' Irrigf;tion tan he implemented into irac'tite. To ioI so maycannot itt' over-tr'essed. Not only will tht water' require institutional modifications, cdut'rtio, of 
supply go farther, but crop yields will increase. farmers, and capital invest ment. Whet her they ;i(

worth pursuing and to what extentl is ;I qtestion
Thr're are two basitc principles in scien ttific which should be addressed. The answer could be Iteirrigation. They are: (1) irrigate 	btfort' the crop is hasis for a policywater for irrigation agriculture. 

physiologically stresstd by moisture deptlet ion in the
root zone, and (2) irrigate Ille root zonie to field 
eapatitv antdrtn iore 'liming if irrigation and 
irriffation t'ficient'r ,-' the in( ideas v'rh.tlitd these 
princip .s 

Tr' fallslat' these, printiles into pra ctice It:,
following ,teps t,,mprist, a workable prttoctol. Tiey
:rri' 

I ) )en'trnine depth of roft /.ioii, If t -e crop,

antl soil type. [Fromithis, infrrm;tior leter­
nine water depith stored illthe rttot ziti' at
 
field capacitv. For exarldpin the root Zone
 
of harley is attout 77 cm. The availabile
 
water stor'tI illtile roOt zon' for' t'O nStlI­
tive use would he altout 10.7 (It for ;I
 
mediurm soil.
 

(2) 	 Schedule irrigation hasedt uon teiletion of
 
a)out. half of the availathi' mioisture froil the
 
root zone (for maximizing crop plroductiott).
 
ltr examleh,' if the consumptive use is
 
7 mm per day irrigatitn would begin after
 
107 mm x .50/7 mm/day = 7.5 days.
 

(3) 	The use of water by t:rolps varies over the
 
farming season. 'lhe consumptive litse rate
 
of crops in millimeters per day generally
 
increases from the time of planting until
 
flowering, and then declines to harvest.
 
Soil moisture sampling is tilebest guide for
 
irrigation timing. It is important that the
 
crop have sufficient water in the root zone
 
during flowering, a most critireal period.
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8. WATERSHED MANAGEMENT
 

The present landscape of Yemen has been formed is now in nearby terraces, transported by
over cons of geologic time. Upon this primeval land- the runoff. Because soil loss has been 
scape the influences of an agrarian civilization has complete, very little erosion occurs on tie s
been superimposed; this has roc'curred recently. over lands. 
the last several millennia. 

(3) Erosion lavenents. Ii some cases,
This influence of man's activities on onsite land especially oil shallower slopes, erosion has 

condition and downstream hydrology is not well proceeded to all tuilibrium sitliat ion con­
understood, nor" is it appreciated. These "watershed sistirrg of soils protected by a stony cover. 
management" consi(lrat ions are seen in tire steelper The r'esident soils lack ULpper horizons andr
mountainous regions of Yetmen, lypified by the cent rarl ar'e low in organic material, having evolved 
mountahin chain which parallels the 'l'h;imam Plain. under conditions of l,', cover from Ireavy 

land use and Constant incipient erosion of
Attention h(re will focus oil thI rffects of land fine particles. Occasionally, tiley, mnay be 

use and condition of Such lands on local and down- cropped, hut usually they are grazed. Soil 
stream hydrology. The exist :1g and potnial loss occur's on these lands, but it may not 
influences are inleed immense, excessive.b' Potential for further erosion 

does exist given exceptional abrrse.
8.1 MOUNTAIN WATERSHEDS 

(HI) Iiparian Lanf.s. In streamsidt' ttitatom,
T['he moutainous lrris whch serve as the soure', and small valleys, allrvium from upland

of most of Yemen's water srluplY are chara't'tr''ized by erosion ha; acculmulated. Almost all it' 
steep slopes on a variety of rock types rod soils these lands are Used for agr'icrItuaT , 

and 
which reflect aI long histor'y of land tse. Precipitatio much of it is irrigated. Tht soils are 
occurs as rainfall: it varies with elevation, latitude, mostly textured and azonal, andt .se.r to he 
and season. A network of' steep rocky ehannrl drain prodhuctive. Soraetires th- channel hottolls 
into .eell entrenched canyons, which open 'rnto th( aire cltiiVatel too, lBlnk cr.sion is t'ceomnr ,
lowland forming wIadis. 1he w;'woiis ael' ftln ilter'- and 'onstitutis a nrirjor sour'e of s'ream 
mittent, depending upon wht'ther IieY are fed by sediment, especially from tiet shteeper trplandl
groundwater during the itperiods,, bet wen floodis. channels. 
Springs art, scattere',d throurghort but IoI rot aplear'

to be especially numerous, rod smt hot Springs c;ri (5) \htused "ore't-St 
 tori I?'urge lNaIrIS. Sr've'r'r 
be found. 'Ihe majority of ti, str'arl'low arist's obhse'r,'rs (e. g. Harris, 1979) hiav' 
directly fror rainl'al, trd is Ihus hoth rpisodic and aren|tiron'i lands r'r'ct'nIlv tefte'r t d ln/lr.
sediment-ladtin . The chemical utraliry of, th st rai- sLihj'ct to rr'r'ktly in'r'e'asdi gra';tzirrg
flow is generally good;r is halcitlli 1)'tssur'' s. 'rr. tlartd, ;ti saul it t I beit l;',r'Iy Suc 
hicar'tonate at r'orrO nt 'at s in thl' 10 t( ) 0 Ilgi'l unrierg'ot Kirt .erlifi':ition, ;i arocess thai'­
range. ;Iclerized iby a pitait t'rlrlllrlality of a Inor'e 

xrt'it' nlatu', er'rrsion, ad 'tdl'edrodlr­8.2 LAND TYPES tivrt ,k. They may ht. srt'rm as r'olving 
towards's Types 2 arld 3 ;tirv'., i.t,. , arr't 

Small Iot agrit'ulturr ril ra'nrgtelanrd grazing arueis and emosior p;Ii'ernr'rts. It Tray Ihus 
occupy virtuially all of the watershed lands. These he presumted that many rrf timese lands 
lands are categor'ized ft.llowing 	 oeslr'citlly slopes) art' r'trr'rent lyas the types. rn steeper 

eroding, and cont'ibuting a large sedirent(I) Terraces. ''lthe ter''rt'es I r'r' th IIeost irurdir'n to drwnst r lla r'hatlir'ls
'o-nsl)icutus ant iarowetrlhy fertLr'r' (If 1he
 

Yemen landscape. 'hey were cunstructed 8.3 HYDROLOGY-THE ROLE
 
iry hand labor over' a long period of tillre . OF THE TERRACES
 
The terractes alne lseri for' both irrigated Urrdrer primneval conditions a var'it'ty iofnative 
and rain-fed agriculture, and to a lesser vegetation ltr'rrlrably covered thie water'sheds r'anging 
extent for grazing. When properly main- front h;rdtwod forests in theihighlands to brush,
tained and olperlitet, et'rrSiOr is minimal. grass-savannah, and finally grasses and ltenser' 

vegetation in Ihe extreme lowlands. Resident soils
(2) Bare Areas. A iizuable portion of the y,,ve deve(lped accordingly. Corresptonding to these 

watershredl lands are free of both soil and wat ershed conditions, tihe hyirologic regime was much 
cover. 'l'his c'ondition has resulted from More sl iu( d than exists I)resentl' . It wIs chat'­
abusive land uso on crosion-ltrone sites, acterized b. less r'eslonse to rainfall, less erosion 
In ext1rene cases, such erosion has antd sedint(nt translport more ilniforn flow tista'ibr­, 

prroceeded to bedirock, which 
 allows only lion over time, and perhaps less total str'eamflrw, 
.parse' vegetatlion. These lands generate
runoff, feehrlg htrt Itocal terraces aind This virgin situation has been changd mar'kedrly
downstream r'iptarian areas. It is arlso iult in the usuralnot 	 Clas;sic deslr]iat ion Sense 
prosible that some of tlre originar soil cover 	 wit1(essut'i in many other prarts orf tit' worrd. The 

Initigaltirg factor is the extensive terrace systemri 
which raps rainfall on its flat surfaces antd receives 

8-1 



8-2 

storm flows from nearby source areas. At the same production in the country. The assurancelifne, tIhe terraces serve as a major agr'ict it ura of continued working terraces eons!itut es anresourcf; they are comprised of flat land ill the idlst olgoinlg need. Considering the potentialof steep mountiis . The terraces also coint trlalanlc for both physical catastrophe and socialthe hydrologic characteristics of, Ih( hare areas, halm11, great at tention should he devoted t, 
this iatte:.


The storm runoff not used for upland il'rigatlion
forms aI major portion of the lowland water supply, II sheold 1iv stre ss ed thaI there is noboth ill SIatt irrigation ;lnd groundwat er rechiarge. krolw. doctllitrrned t'vidence'' that theInI fact, the downstreanr areas have become depeldeint terrac'es are currentlv undergoing wie­on this irregular water r'esou:'ce. The flood waveS spread t *erior'ation . Isolated breaks andfr'ont the irplaids are diverted in to the spate irriga- ven individlual hillsloe failllrt's can bVtion SVStemllS ;lld otherwise' infiltrate through channel Scull, but it is nt clear that any overallbeds and trY deep percolatioi r'mt'h;r , grotlldwat' Iteld IS preselnt. i.e., that los'e erral 

Th' ltr'sit'nt c. olditirri . Sllr,' not tiy pical Say the listlrlmii', whitch lIts exist'd lot off rtY %carv i However, th, ec''nonlic ards'vutr'al ri]illriri o(cUI,.; lItr is' t rit r 't'',itl' ficit'rrtr ' MltilI,''Ciil talor , wutlld It'isllarirlblN huudt'rl'r' cr't's lo trapl rainfall ind Iceliv, a ptr ioln tto4t"tli' c'r'r';lr'r' n ar' lt'.'sritll . Thisdcl'r'iir',rtito
I'lood I'Iow,, + asnd to II od flt lt tlpllild ,,il ill pl;wcWit!holl I Ihi tI;t,r bc, Ilt,It %, t 

ill irll t's,;it ''n durlol . of It - f;1rall forceO idh. w(,l cl', , Ir. ;nlll+;ctcd Ili high 'i' paving, w,,rk, vist-whre . 
stilirtmirts wotuld -,WIrIrI'.t t'lli l'iitn[Ititi' ill, iil, %;i '..I'tll]rairifloiids wouldl tii. and tilt. viltahl', ;iricultirI;l 8.5 PROBLEM RESOILU''ION 
bise of' tIrW Cotn1rity wonld 1)I C I 1'aity lit'tt'rae;i t at' important h ,h hht"' l ,.Igicaty toil t tnd 'o'ret iv an il Ring'e tivii tlat tit'gcxit' nt sitirtiitn 'orit'ties a prolrril, the 

I"t'l('rrl trr'Lt-8.4 WATERSHED MANAGEMEN'. PROBLEMS of ;I soltioll is obviotrISVe'ry sirlly. 'a.rig' arnd forest v'getation 

{;ivi n Irl b e r'eI'',talis,tul, lands tmustthe lonf hi'r~v of a';iricuiti .rl r'ehlh ilitlit'il, ;il d contritring 
t)'

Inallagelliltdtvelopr llt'ntI ard land liSt', 'x;ict-.1i';iti t 1'ot I' t' -ItrImust lit' itislt iltldtin atlt local level. 'h'set''or't'station aid itrt'C;iSt'it g iri I .r,hhtiti 'Mit will litc hoIg-ltt'iI i t ivit iv!. wilh lenefit S:irio i ,uiY'e'ml ri ', t 'rl 'thl. rl.s-Ii'n'r'Ic'x t 'l '' ,. nlllllKto 1i' Ytr.i tll ,i' It' i ill'litdtslr<e;a 
rvl' eh ' . fo, c I't+ ;I nI] rl 
%% . Twox+ Keillrdlc;l t'-got it,+, Il' (rr th1 e,,

I.',' ll",r Ill;ill Il't'llil l ;1 1,lli T lt r't-liletdiall :wit w It~I II 'l t ill C3'ollYl!Il ('111
(2) ti,,:;t' ;it,s..ialt'rl with 1trat' t,'it T i' iwithr

' l;1fl) I lIle+I llolt. ilmp,,l'lailll 
' 't .'l r l;itt.'' tire .'n'oli'll'lt , ,-ci; , cutIIural, , andpolitical rt lii,, prt cn I That till. curri'tlll 

situaition vxist , i , :i dirl't nllallift. ,I;tiolt ofI I '"I'vet arid I plli.' . 'IT' 1.irug'' rid '''i', lt'y t;ur'r t'orct't, arid riot nirrt, a crics oh'pro'ldlits a rt' thost' whi'h lia' b r' ait icip;ih.tl t relat'l'll phyrical a id iiol'ngi,' l I'tIi orllt'na.f' tlh, existing walrsIhcd cn fillhll . 'I lit. Thus, jirogrllris f tor''' plalling, ranlgeitlrltaniigi'd raril't is tl'pl'ti;.hlt .l d i 't cit'ng linlg let vo itat low levels. Also. it iv r'oVrlrrt i i' iPt' r'lrig ' r iiis t I 
't' t ti' .aolly luld su'Cie''l 

gll ill tilit' rliirtds if In' 
pro etionfn trori iollt't' I tit l t X It ii'' landI lstl bctrtirig al pealing to hi:s loyaltits,innd graing ill alriti. ii lft, ' rltnti'.vll; I mt-i. and st'n.'n -f 'ct.lonlit' wuIl­'oresed lnd;irs has r'idur' ,'t' fl'r.''.t tn'l i .lill'' Thi u s a ill'lrlrit p ro illl of' 
pr'lidh ctions ipl i t';cr isd l'i il..liiug.. i i'i l't 'i i wi, ll, iit' uii'tl,'.ltratiio ti, ;ti ,slirg iar i':notnvrrtr il lIt,(I fal-. ''I iltd ;iit'Xili'i.v .t'I'ViCt", 'Ut'Utu-,,'S, bliilhYts+ourcesl.lit'tn hisi' I ,o,,t t''t''' i 1'r v,i i r . tllir",gt'irrw ith illcrl'callll i ltlb l +v l 1 lirl'inti-' rI''oi' liitl" Ifit c l l 'llu, Will lit- hl u:, I i l t)''itioricomingll , 
inl ul;,t',ti.r l' ) ir'i.ii dllvrr'r'i l Ii I" t lnot,'il.l'( I t anol"il,,irCd The wal h ,l l liv liJ.wdt. 
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the extent that problems do exist, solution 8.7 LONG-TERM STUDIES OF TERRACES
will 	 be difficult and expensive. The threatis, of course, leterioration of the terrace This group of activities would proceed whilesystems followed by the consequent loss of anticipating alarming findings from Phaseproductive 	 I andtands and erosion and flooding assume a need for" foundation understanding for andamage downst ream. .'' liminary field and eventual design program. Since so litle is knownliterature reviews suggests that lagie scal about terraces and the solution alternatives are stilldisasters are possibtle, but of unknown amorphous, thislikelihood Evaluation phase will function to establishof the situation i elementary baseline information as well as explore for'difficult because of a lack of background presontly unappreciated possibilities. Several of theinformation. Development of such informa- following might be amalgamated to more unifiedt*on is warranted in view of the rich packages.
heritage role of the terraces in Yemen'shistory and identity. (I) Engineering Stability and Classfication. 
The very existence of the terrace system is 

This would be a descriptive investigation ofYemen's terraces. A classificationa manifestation of a deeply 	 of'
entrenched terracessocial-agricultural cistom, dependent upon 	

would be made creating a taxonomy
based on easily ohservel or measured itemsthe 	 existence of a dedicated farm labor

force. As are 	
of judged importance, such as topographicterraces abandoned from slope, wall slopes, wall height, aspect, soilcrop production, they will no doubt revert type, presence or absence of stone facing,to grazing lands, a less intensiv use, and etc. 'This classification would be usedprobarbly with out the currently fell urgen cy elsewhere in) the study. The basic engi­for 	 maintenance. The reduction of fari'r neering stability anll permanence would alsolabor will eventually be accompanied by an be examined with ar eye towards crucialinflux to the growing urban centers with factors leading to possible failure. Methodsattendant social problems h'lehrefore, of construction, and site limitations wouldcontinuation of the terrace system is urged be established. Many of the conclusionsfrom the h y ro logic. a g ,icu It i ra I , and wil' relate, by reason of economic evolutionsocial- political viewpoints. and sur'vival-of-the-fitt est to fi'idings 
elsewhere in this phase.To develop the background information neededrO' a terrace mantigementi programn, an approach is (2) 	 l"aiirel' Prediction Stkudy. Thi, wo'ksuggested. First, a reconnaissale! phase 	 would

is needed correlate emipirically thie c'lassifications into appraise the basic physical nature of the tpotential the 	 study attove with field otservations!problem and 	 ofto determine titrnds in terrace condition. failures of all degrees. From this arn indexsecond, a conuicurrent series of longer terim idi!,st 	 of f'ailure likelihood would result, whichshould be commissioned on 	 the trisic Iackground
-onditions, 	 wouhId te useful in establishing prioritieshistory, hydrology, ertginerig, failur for rehabilitation attention. fly developingrotential, and social-econoic factors. Third, an a failcre index efforts coulid concentrateiction program is needed which is compriset 	 orn 
Jemonstr'ation-developrtent projects. 

of the most failure prone terraces. SimilarThis srategy is working tools have been developed and ar'erutlined in the following sections. in oper'ational usage in the Uinited States orn 
3.6 SHORT-TERM STUDIES OF TERRACES 	 similar situations. ''hese incluie streamchannel stability ratings, indexes of stream 

sedimentation from fore-st roads, etc.(1) 	 Con.ition-''r'end (ensllus. This work would
deal mainly With tOe (Ill,,stiol Ofta current 
 (3) lydrologic Influences. tecacst,' hydrologictime trends in terri'r, c-nditin. Are the' considerations are 	 central to ite stabilityin fact deterioraling and if' s. where al( and 	 effects of terraces, this facet must beto what extel. Soeic pielimitary intelli- well understood. Basic items to h deler­genre nil other aspe'cts of the gruinral tttined shoult include surface atnd solIphenomenon sIIoi Id also eiierg'. ;is Imtoisture storage pot erItials , i Ifil trt ionunplanned spinoffs from this effort. Such rates, sediment accumulation rates, anida study wo'ld appear to fit ill comfortably erosion rate:,. More holistin and appliedwith the planned tand Classification and information would be dire'tly useful: tIeSoil Survey (WSAII) Project 079-0012), net hasin hydrologic funetioning ofutilizing comparative aerial photography terraces, definition of extreme ventover a series of recent years. capacity, and the prediction of hydrologic 
consequences. The(2) Physical Reconnaissance and Appraisal' This 	 trade-offs betweenupstream terraces and dowlstreamis seen as a necessary first cut analysis of 	

Wa t Ii
supply should be investigated and acknowl­the on-the-grounl physic al situation. edged. lydrologic studies might beThrough field inspection, interview,

literature 	 integrated with demonstrat ion-developmentsearch, and sone fi :lIl measure- projects, as are discusse suiIhsCtuenI0V. 
ments, one could attempt to sculpt the
general outline of the p~robIlem, highlight (4 Sociarl-Economic 
 Studies . The exi:;tence ofpossible solutions, and estimat, tite general the -YVm-en ter'rae sysh'lt is relateddimensions. It is seen as advisory input to 	

to
Yemen history and personality. h'leythe long-term studies in Phase 2 which represent an enormou; tapital investmentmight begin concurrently This step and thus a commensurate possi)le calpitalincludes "problem analysis." loss. Ostensibly, they originatc'd rs agri­
cultural stopgaps because of a shortage of 
otherwise available suitable land COicled 

52 
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with a strong will to survive in a
mountainous environment. A comprehension
of the motivation behind this effort might
unlock insights to their continued preserva-
tion. Economic, social, or political solutions 
may be more feasible than blunt straight-
forward technological solutions, 

In a more pragmatic sense, the rationale forterrace preservation should include economic 
decision making, especially when different 
projects compete for limited funds. Basic 
questions relate to the economic value ofterraces and the costs of construction, 

Social and legal questions bearing on 
terrace preservation could also be instru-
mental in any solution scheme. The landtenure problems associated with the creation 
of new terraces from either clan or "dead" 
lands or abandonment of previously culti-
vated terraces raises a variety of questions.
Accompanying water rights questions should 
also he examinkd . It would be appropriate
for this study to derive general insights tothe Yemen terrace situation from other 
similar situations throughout the Middle 
East, 

(5) 	 Htistorical Survey. It is known that tile 
earliest accounts of Yemen spoke in awe of 
the terraces, and throughout history
travelers have offered commentary. There 
should exist a rich storehouse of informa-
tion on terracc construction, location. use 
failure, etc. , in historical Iteratute. toth 
Arah and western. A snummarization of this 
with enlightened technical interpr'tation
should provid,' valuble pe spective for 
present action, It would also serve toenhance Yemeni pride and awareness of the 
role of terraces in their cultural heritage, 
an appreciation that does not appear to b 
fully developed. Also, while similar lerrace-
Systeats exist elsewhere in the Middle East,
they seem to have attained tile greatest
expt'ession in Yemen. Ali understanding of 
this paradox, which may become apparentfrom this study, would no doubt contribute 
to solution strategies. 

(6) 	 Actiotn-I' 'Prgt'ans. Tlhe above described 
studies coul insure a firm foundation for 
the design of efforts to salvage or preserve
the te'racc systems. Two remaining lines
of endeavor ate envisioned also. 

(7) 	 Demonstration and Fieldt Measurements. Thismightb--e-caridout-n--conortvith the 
proposed Upland Watershed Renovation 
Project (Hat'ris, 1979). Ilowever, it should
be on a substantially larger scale and 
recast to incude terraced areas, agricultural
lards, and riparian lands. In addition to
demonstration, monitoring, and experimenta-
lion, it should have strong direction to 
technique development in a "pilot" sense. 
Expansion to a small basin scale woul 
permit inclusion of both small reservoirs 
and channel stability works with accent ontheir application and evaluation. 

The upland renovation features could
comprise one or more smaller scale locations, 
targeting selected portions of several 

Phase 2 studies as well as elements of the 
agricultural water use studies. Parenthet­
ically, substantial portions of the larris
proposal have direct valid application to the 
general watershed management problem, and 
thus, should be encouraged. This combined 
project should begin as an initial effort. 
simultaneously with Phase 1. 

(8) 	 Design and Operational Programs. Field 
programs should rest on the foundation of 
ihe ab3ve described studies and experi­
ences. lowever, some general interimnational planning suggestions are made in 
the following section. 

8.8 NATIONAL WATERSHED PLAN 
Analogous to tile National Water Policy, and 

drawing from the proceeding rhetoric, tile following
outline is p rotptosed ass discussion draft for a
Watershei Managaement Plan for the Yemen Arab
Republic. Policy statements might be drawn from it 
as desired. 

(I) 	 Recognizing the physical condition of 
Yemen's land and the intense demands 
placed upon them, direct programs solely
for watershed preservation and flow and
sediment control are not generally feasible. 
These considerations should, however, be 
included jointly in associated land manage­
ment activities, including range management
and forestry. It should be recogni:.! that. 
'watershed" benefits will accrue only over 

.oog time spans, and may perhaps he
uoappreciated. "terrace preservation in)
certain special situations may merit special
single purpose attention. 

(2) 	 Public education concerning natural 
resources is necessary. It should create a
national awareness of land-water inter­
actions, appealing to both conscience and 
economict motives. This is needed to 
lubricate local cooperation and joint agency 
programs. 

Likewise, a base of Yemeni professional
and technical personnel is essential. 
Expertise in agriculture, range, fo'estry.hydrology, agronomy, economics, geology,
watershed management, and civil and agri­
cultural engineering is needed for the 
management of the entire Spectrum ,"
Yemen's resources, including its sol, 
water, and vegetation. 

(3) The establishment of data and experience,
and a development and research base is 
necessary. This could include Studies
described elsewher' int this report.
Furthermore, river basin studies for water 
resource development should routinely
include watershed resource analyses consist­
ing of resource description, identification of 
stalu,; and trends, present and future 
problems and opportunities, and possible
watershed prescriptions. 

(4) 	 Yemen'-, terrace system is a distinctive 
national treasure and shoult receive specialattention, recognizing its agricultural,
hydrologic, and national her'itage role. 
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(5) 	 Priorities for concern, by land types should 
approximate the following order: 

(a) 	 Terraces, especiaUy when tribu­
tary to important downstream 
values. 

(h) 	 Lands tributary to domestic water 
supplies. 

(c) 	 Lands with potential for salvage 
or preservation. That is, Class 5 
lands and any lands still in 
near-natural forested cover. 

(d) 	 Riparian lands, acknowledging
their superior r cultural value. 
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Water is a scarce resource in Yemen; there is the long-term planning point of view, it is better to 
not enough to satisfy present and potential demand, proceed more systematically. But from the short-term
A comprehensive water management program is point of view, political wisdom may dictate that the 
necessary if the limited water resource base is to be most urgent problems be identified ir.mediately.
used to the best advantage of all citizens. Such a A reconnaissance of the country should be undertaken 
program should establish the basic building blocks for to identify areas having acute problems and short­
continuing long-term water management. The term projects which may alleviate such stress. An
elements of such a program are: ongoing program which is a good example of this is 

the village water supply program of the MOA.
(1) Development of regional water plans. 

A few other suggested projects are listed in(2) 	 A legislative program, enacted over a Figure 9-1 for the Wadi Jawf area. One major dam
period of years. construction project is presently underway. 

(3) 	 Development of altered institutional forms (2) Water planning. It is essential to know for
appropriate to the needz of a developing each area of the country how much water is availadle
society. and present and projected demands. Rational 

planning can then proceed. Such planning should(4) 	 Demonstration of improved farm managemtnt consider measures to: (1) increase supply, 
practices focused on conjunctive use of (2) conserve water, (3) reallocate existing supplies.ground and surface waters. 	 The planning process is intended to generate alterna­

tive plans for what ought to be done and how, based(5) 	 Development of a watershed management upon appropriate indices of these 'three basic 
plan. measures. 

(6) 	 Development of a professional cadre to B.S. Projects are identified in Figure 9-1 for getting
and M.S. degree levels, including two-year the planning process underway. Donor projects listed 
internships in water engineering practice, are intended tc demonstrate planning methodology. 

(7) 	 Development of public education programs to (3) Pollution control. Many waterborne diseases 
reach local leaders and the population are endzmic in Yemen. Protection against these
concerning the realities of their local water diseases should be the first goal 	 in pollution control.
situation, and the steps the government is Involved is not only sewerage and sewage treatment,
taking to promote a balance between supply but alternative sanitation practices suitable for rural
and demand. 	 villages. At the same time public education programs 

will be necessary.

The intent of the program outlined is to

establish the requisite institutions for implementing a (4) Water policy. The first step in coinpe­
national water policy. The first goal of such a policy menting a national water policy is creation of a Wateris provision of a base level of reliable domestic water Resources Council. This agency should have budget
supply to inhabitants of all cities and towns, and as and approval control over all water activities in th 
many villages as feasible. The second goal is to country, i.e., it should have both responsibility and
utilize water efficiently in order to maximize economic authority. Along with this Council, a Wattr 
output from farms and industries. The implementation Resources Policy Act should be enacted to codify th,
of the policy in the various areas noted, and achieve- basic guidelines and rules for water development and 
ment of the above goals, is a matter of years and, use. Passage of such an Act will require modifica­
indeed, decades. tions of many of the provisions and further consider­

ation of others. The process will be facilitated both9.1 PROGRAM ELEMENTS by persons having intimate knowledge of the country 
and persons from donor agencies familiar with waterThe foregoing program elements are enumerated organizations.

in Figure 9-1, along with some suggested projects.
Donor projects which may contribute toward the (5) Groundwater management policy act. It is a 
program elements are listed also. In each case the simply truism that over the long-term one cannot take 
projects identified are indicative and suggestive, out more than what comes in. This is the basic
They are not inclusive, nor are they intended to be theme of a groundwater management policy. But its
final. The major aspects of each program elements implementation is not so simple; it will involve almost 
seen in Figure 9-1 are outlined below, insurmountable political impediments. The tool is a 

statute giving the needed authority to manage.(1) Short-term local projects. Explicit attention Public education and gradual but steady imple­
ought to be directed toward identifying worthwhile mentation by the administrative agency is the key.
short-term projects to meet political exigencies at the 
local level. The problem seems to be caused by (6) Surface water development. The promise for 
rising local expectations and the consequent focus on surface water storage appears limited. The canyons
the national government t3 provide tangible projects along the Tihama Plain, however, appear to be 
to alleviate some of the acute local problems. From possible sites for reservoirs and the ones here and in 
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SOiETAL PROGRAM 

GOAL ELEMENT 


I Local Projects
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Figure 9.1 Elements and Projects of Yemen water program. 
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other regions ought to b examined. Sufficiency of 
runoff waters, :vaproration. and w ater rights ar,
possible limiting factors. t!tich stmrage could have 
two benefits. They are (I) capture of low frC(Unt' 
floods which could otherwis. tot hi diverted for use. 
and (2) to irovide, water ol t-ml;ind to the exfnt of 
the storage availatie. 

(7) On-farm .water ni:tagenen. The ktf 
concern here i, to listr water, Moi-, ificientl o 
increast crop piroductiin. The [r'estrit practict of 
spate irrigation is not eqtuit;thle illalltati o f water 
not is it vfficient. Higher lands may , ,'''r-
irrigate ;int lrtiwr' ants ia not 'i-(,'cive a teiiate
waiter. Colnjuct i'I' i.( "I Lru d tli firci' w;t1'l 
is a llallrltgellnltecrillolt,% that 't ilt i'ove tl 

wel';r , of all partis wvitho)utl dishirct it too in,', 
 t i 
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i -I . w hichu 
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 liri ,­stir)[Iht I
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PROGRAM ELEMENT YEARS OF ACTIVITY 

PROJECTS [1981 F1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 '993 1994 1995 1996 1997 19 1999 

1.LOCAL SHORT TERM -C.TS 
1A Wag, Jawt ,ta,.s 
12 Wagi Jawf village watersupply 

I 
II __ ___________ 

2. WATER PLANNING 
2.1 Methodolcg demonstraton 
2.2 Sanaa basin framework study-oemonstation 
2 3 Sane'a basin water plan demonstration 
24 Regional frameworkstudies 
2 5 Regional plans 
2 6 Eslabis,,national gala networks 

3.POLLUTION CONTROL 

_____ 

' . ____ __,___ 

3 1 ProDiem enitcat,on 

3Na,:,onal :aler utolI, Straleg,3.3 Na a waste water planningplanning strategy i 

4. NATIONAL WATER POLICY 
4 r Waler Resources Councl Formation 
42 National Water Poicy AclEnactment 
43 Regional Water Comr:ssion cormaior 

I 

S.GROUNDWATER MANAGEMENT 
5 1GroundwaterPolicy Act 
5 2 Emergency groundwater statute _ 

0 

6.SURFACE WATER DEVELOPMENT 
61 Survey of storage croject sites 
6 2 Hydrologic analysis or storage feastil, 

7. ON-FARM WATER MANAGEMENT 
1r att WaiS, u7.2 DemonstrationDemonstration farmnWadi Jawl II-FI i u' 

7 3 Conjunctive use studiesI 
74 Irgation elficiency studes 
75 Irrigation institutlun st-udes 

I -

8.WATERSHED MANAGEMENT 
8 t Condition-trnnd census a! tetracon 
82 ActoI lan t r tr--e in.. .a.., 
a 3 National *arersnea plan 

9. INSTITUTIONAL DEVELOPMENT 
9 t Water rights statute,
92 Water ulganu.atnon srfu:eosI I 

i 

m m 
93 Cc,.caton or warn'ers 
94 Regional Waler Cor,ssons On.nc ,,' 

10 PROFESSIONAL CADRE 
10 Manpower s Stut -
103 Un-IeT , ioSarda a eveloprner'! 
104 Pratessiunal organ:a tins develcwmic' 

II PUBLIC EDUCATION 
, I Ertenson seice 

It 2 Pubic cnmrntcat 
e 

orS programs li't I I, _ _, _ _ 

12. RESEARCH 
2 1 dent,fca- a5 iesearc, needs 

Figure 9.2 Tentative implementation schedule for elements oT Yemen water program. 
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APPENDIX B 

TERMS OF REFERENCE
 
Telegram Provided by USAID Sana'a, July 1980
 

(I) We have proposed team's scope of work to NOA as follows, QUOTE: 

A. Compile and analyze existing studies. recommendations, and documentation of water resources 
development and management. It would be L,,tended that the team not duplicate work carried out by
earlier consultants such as M'. Itarbarossa, et al. , in 1977 and Reuben Johnson in 1980. The reviewwoul concentrate on stUdis hel by the Ministry of Agriculture (NIOA). Particular emphasis would
be placed on water reso0urices development and mana rc ment as it relates to agricultural development. 

It. Sunrnarize, for theiMOA and the Yemen C(vc'.icmct in general, the state-of-knowledge of Yemen's 
water I'esources as cont ained illthe doculleitns reviewed by the teuam. The team wouldhnote any
significant differences of dis'crpcacncies in consultant's reports. The team would identify any
additional studies rctluirec to prv',ide the IOA and the Yemen Governinent with a complete picture of' 
Yrnen 's water I'esourice sit aition. 

C. Assist Ihe MO(A in the draftinig of plroposat, , 
for national iesource Iolicy and energency ieguIalions to

blring watel consunption unider rolntrol. including, if IecIuired, registration for cocnlt'ol of cirilling
operations. We would hopce that thi woi'k of ilhe I(ac ,;o0Ild l)e coiplenieitary to it,activs'itics being
carried out by YOMINI'O's l)epartmit f IIdIry 

I). Sugfrest for" the 'lOA ile( outlines of a Icug-ladge prOgain for illilagcclnt of water gcsresorce foragl''cculture. FSuch a lprogr'cll mighlt i;crltdlc ((il-farh water IcnMcilgcficeili, Wdctc'z" ISc policy, int!grcted 
systems of' natuial resoutrces Cori servatIio . s't:i' cinaglcellect , ciry-lani ficvhi reScarrch . aid water
invent(.'y. A proposal for :In )V(I'Al ill'letirk. of national walt'l iSclUi'S't. would M-Vl It, hCcoord inatied wilh ill: ltep:rtlnent of llydolgy of Y(OMINC.(). While ht,c:in", progi'm w uld fo'Ils oilwate' I'usocIr'res i'la:tcd to, acgr'icultucre . it woul need tc tak into account ilcih' use's of wacter ;uild
thereforce would inftrest other Yecci'n (,ve'r'in'icicit nffgncic-s involved in watVi' i'TSOlc'ic.s. h'itteallwould identify areas whei' tilt' cI'slnsicilitics ond activities of the MOA might ove'l;ap with those 
other ninistries aIndc olhtI' ;cIgcVcciVs 'he tI1;cc %. tuld offe'r M()A suggesftins to hlanct', co',('dilatioln 
acmong water developnltnt agencies adll edlc'l ov ''lhapping responsibilities. 

E. The teaml woulc suggest way,; ill whirh All) Project 279-0052 nmligiht assist tihe Nt)A and tilt- Ycnlen
Governiient in incilemenlink"a l; l g-l'lcg,' pitograi'an fri' dcvch(lcient and nllanatcneill of WaI'c' i'c'sccl'cc!s 
for agrivultu.re. In sugg'esting much i n'Igr;m, it is impoitant that it hc coc'cdinatd with and
comllplemeintary I aIrtiviti ;s(,foli'l" YI'mIIl ''llt'Ilt agencies and other donorl'c's ald include otlle 
All) assistance in ,aic't r'uSIoccr' ('s 

F. If tilnepcr'mis, tle' teaa willI,i',itait'">cla -'cj'ct hcut ifitr-dioil l)oCulncit (SPll)' (a dotuniiccit 
uses to decide whlt'lh'i ftlit11he' lroject investigation ishuli be cuiriccid 

AID 
out). 1he SPlIl would outline 

a i'rposal for cll)AIssist;ce, under Project' 279-0052, Agricultural Development Support. UNQUOTE­

(2) l.ooking foriwaid to lioi)inaltions for teamc Pilcase adcvise. We have apprised MOA of August G;ETA. 
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