
Chapter 2 

2.2.1

Below are two student responses to the question: 
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/solution-manual-water-resources-engineering-2e-chin
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2.2.3 

World Water Assessment Program 

Mission Statement 

This UN-wide programme seeks to develop the tools and skills needed to 

achieve a better understanding of those basic processes, management 

practices and policies that will help improve the supply and quality of global 

freshwater resources. 

Our goals are to: 

 assess the state of the world's freshwater resources and ecosystems;  

 identify critical issues and problems;  

 develop indicators and measure progress towards achieving 

sustainable use of water resources;  

 help countries develop their own assessment capacity;  

 document lessons learned and publish a World Water Development Report 

(WWDR) at regular intervals. 

Background 

Acceptance of the need for a more people oriented and 

integrated approach to water management and 

development has gradually evolved as a result of a 

number of major conferences and fora. The Mar del Plata 

Action Plan of the 1977 UN Conference on Water, the 

Dublin Conference on Water and the Environment and the Rio 

Earth Summit, with its highly important Agenda 21 

document, in 1992 and the World Water Vision exercises 

have successively reinforced the need for comprehensive 

assessment of the world's freshwater as the basis for 

more integrated water management. At the urging of the 

Commission on Sustainable Development and with the 

strong endorsement by the Ministerial Conference at The 

Hague in March 2000, UN Water has undertaken a 

collective UN system-wide continuing assessment 

process, the World Water Assessment Programme 

(WWAP).  

WWAP's New Visual 

Identity 

 

 

 

 

http://www.unesco.org/water/wwap/wwdr/index.shtml
http://www.wmo.ch/pages/prog/hwrp/documents/english/icwedece.html
http://www.earthsummit.info/
http://www.earthsummit.info/
http://www.un.org/esa/sustdev/agenda21
http://www.unesco.org/
http://www.unesco.org/water/wwap
http://www.unwater.org/


More about the main water conferences and decisions of 

the last thirty years, read the Water Milestones 1972 - 

2003 : from Stockholm to Kyoto 

 

 

Rationale for the programme 

The growing global water crisis threatens the security, 

stability and environmental sustainability of developing 

nations. Millions die each year from water-borne 

diseases, while water pollution and ecosystem 

destruction grow, particularly in the developing world. In 

its Millennium Declaration, the UN called on the nations of 

the world "to halve by the year 2015 (...) the proportion 

of people who are unable to reach, or to afford, safe 

drinking water" and "to stop the unsustainable 

exploitation of water resources, by developing water 

management strategies at the regional, national and 

local levels, which promote both equitable access and 

adequate supply." 

Over the past few decades there has been an increasing 

acceptance that the management of water resources 

must be undertaken with an integrated approach, that 

assessment of the resource is of fundamental 

importance as the basis for rational decision-making and 

that national capacities to undertake necessary 

assessments must be fully supported. Management 

decisions to alleviate poverty, to allow economic 

development, to ensure food security and the health of 

human populations as well as preserve vital ecosystems, 

must be based on our best possible understanding of all 

relevant systems. 

Currently there is no global system in place to produce a 

systematic, continuing, integrated and comprehensive 

global picture of freshwater and its management. 

The UN system, through the ACC/SCWR, has the 

mandate, credibility and capacity to take on the task of 

systematically marshalling global water knowledge and 

expertise to develop over time the necessary 

assessment of the global water situation, as the basis for 
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Currents, WWAP's 

newsletter 

FREE, available in English, 

French and Spanish, 

Currents brings you the 

latest news, events, issues 

and more from WWAP. 

Subscribe your e-mail

Ok
 

http://www.unesco.org/water/wwap/milestones/index.shtml
http://www.unesco.org/water/wwap/milestones/index.shtml
http://www.un.org/millennium/declaration/ares552e.htm
http://www.unesco.org/water/wwap/wwdr/
http://www.unesco.org/water/wwap/wwdr/
http://www.unesco.org/water/wwap/wwdr/
http://www.unesco.org/water/wwap/wwdr/wwdr3/
http://www.unesco.org/water/wwap/wwdr/wwdr3/
http://www.unesco.org/water/wwap/wwdr/wwdr2/
http://www.unesco.org/water/wwap/wwdr/wwdr2/
http://www.unesco.org/water/wwap/wwdr/wwdr1/
http://www.unesco.org/water/wwap/wwdr/wwdr1/
http://www.unesco.org/water/wwap/news/currents/
http://www.unesco.org/water/wwap/description/
http://www.unesco.org/water/wwap/wwdr/wwdr3/


action to resolve water crises. 

 

 

Scope of the programme 

The WWAP, building on the achievements of the many 

previous endeavours, focuses on assessing the 

developing situation as regards freshwater throughout 

the world. The primary output of the WWAP is the 

periodic World Water Development Report (WWDR). The 

Programme will evolve with the WWDR at its core. Thus 

there will be a need to include:  

 - data compilation (geo-referenced meta-databases); 

 - supporting information technologies; 

 - data interpretation; 

 - comparative trend analyses; 

 - data dissemination; 

 - methodology development and modelling. 

 

The recommendations from the WWDR will include 
capacity building to improve country-level assessment, 

with emphasis on developing countries. This will include 

the building of capacity in education and training, in 

monitoring and database science and technology and in 

assessment-related institutional management. The 

Programme will identify situations of water crisis and will 

thus provide guidance for donor agencies and will 

provide the knowledge and understanding necessary as 

the basis for further capacity building. 

The Programme focuses on terrestrial freshwater, but 

will link with the marine near-shore environments and 

coastal zone regions as principal sinks for land-based 

sources of pollution and sedimentation and as areas 

where the threat of flooding and the potential impact of 

sea level rise on freshwater resources is particularly 

acute. 

The Programme, including the new WWDR, is 

 

http://www.unesco.org/water/wwap/wwdr/index.shtml
http://www.unesco.org/water/wwap/description/


undertaken by the UN agencies concerned aided by a 

Trust Fund, donors providing support in cash and in kind 

either through specific agencies or through the Trust 

Fund. UNESCO currently hosts the WWAP Secretariat 

and manages the FUND at its Headquarters in Paris. 

The Programme serves as an "umbrella" for coordination 

of existing UN initiatives within the freshwater 

assessment sphere. In this regard it will link strongly 

with the data and information systems of the UN 

agencies, for example GRID, GEMS-Water, the Global 

International Waters Assessment (GIWA) of UNEP, the Global 

Runoff Data Centre (GRDC) of WMO, AQUASTAT of FAO, the 

International Groundwater Resources Assessment Centre 

(IGRAC) being established by WMO and UNESCO, the 

water supply and sanitation databases of WHO and 

UNICEF and the databases of the World Bank system. 

 

 

Programme components 

The Programme consists of the following coordinated 

elements: 

 

The WWDR component, involving the preparation of 
the periodic report and resultant advice, when 

http://www.unesco.org/water/wwap/partners/index.shtml
http://www.grid.unep.ch/
http://www.gemswater.org/
http://www.giwa.net/
http://www.giwa.net/
http://www.bafg.de/grdc.htm
http://www.bafg.de/grdc.htm
http://www.fao.org/nr/water/aquastat/main/index.stm
http://www.who.int/water_sanitation_health/
http://www.unicef.org/programme/wes/weshm.htm
http://www.worldbank.org/data/
http://www.unesco.org/water/wwap/wwdr/index.shtml
http://www.unesco.org/water/wwap/description/


requested, to governments. The WWDR will include:  

 - a thematic component (in the first edition this will 

focus on developments in water management since the 

Rio Earth Summit and subsequent editions will include 

cross cutting themes such as "water and poverty", 

"water in cities" among other possible themes);  

 - a methodological component involving analyses and 

the production of indicators of water-related stress;  

 - a case study component, which will develop an 

integrated, cross-sectoral methodology and support its 

progressive dissemination in countries and river basins 

worldwide. 

A Water Information Network comprising:  

 - global-scale meta-database;  

 - knowledge management systems to facilitate the 

assessment and dissemination of information;  

 - an online library, website and newsletter.  

The network will allow communication with governments 

and water related non-government groups, facilitate 

capacity building and raise awareness about water. 

A capacity-building component, the prime purpose 

of which is to promote the ability of governments to 

conduct their own assessments through human resource 

development, education and training, provision of 

methodologies, institution and infrastructure 

development and development of data and information 

networks. 

 

 

Specific programme objectives 

 Provide an on-going global assessment of the 
state of the world's freshwater resources and 

their use.  

 Identify and advocate methodologies which 

have been shown to work well.  

 Identify and assess aspects of the state of 

http://www.unesco.org/water/wwap/case_studies/index.shtml
http://www.unesco.org/water/wwap/description/


freshwater resources.  

 Identify water management strategies and 

policies which work well and those which are 

unsatisfactory and analyzes the reasons for 

success and failure.  

 Compile and synthesize data, information and 

knowledge on all aspects of water resource 

assessment.  

 Develop mechanisms for the transfer of 

knowledge and expertise to national 

governments, decision makers at all levels 

from local to international, user organizations, 

academic institutions and the general public, 

especially in developing countries which are 

disadvantaged in terms of the availability and 
quality of data and information, in order to 

facilitate and improve freshwater assessment.  

 Provide advice, on request, to Member States 
on water-related policies and technical issues 

at local, national, regional and international 

levels.  

 Provide strong advocacy for changes needed 

to alleviate distress in disadvantaged regions 

of the world.  

 Build the capacity for countries to make their 

own assessments through human resource 

development, education and training, 

institutional development and the 

development of appropriate legal and policy 

instruments. 

 

 

Benefits of the programme 

 Provide, for the first time, a comprehensive 

http://www.unesco.org/water/wwap/description/


process of assessment, from monitoring at 

the country level, through global database 

and indicator development, to sectoral and 

watershed assessment, capacity development 

and global trend assessment, all leading to a 
progressively more comprehensive periodic 

report.  

 Provide a framework for coordination and 
realignment of the existing programmes of 

ACC/SCWR members to take advantage of 

synergies, strengthen internal positioning of 

programmes and improve opportunities for 

external funding.  

 Provide a framework and rationale for 

strategic investment by prospective donors, 

targeted to particular components of the 

WWAP, while emphasizing the magnitude of 

the task that must be funded.  

 Recognize the importance of developing 

global geo-referenced databases, a 

comprehensive indicator system and 

harmonized data standards.  

 Recognize the need to develop an effective 

methodology for such assessments based on 

river basins and aquifers.  

 Address the essential role of countries in 

providing core national and watershed data 

for the assessment process.  

 Address the critical, continuing need to build 

or strengthen the capacity in many developing 

countries to conduct their own assessments.  

 Provide a mechanism to systematically 

address water issues that have been under-

emphasized in the past, such as: 

 - water quality; 

 - aquatic ecosystem degradation; 



 - water management economics.  

 Provide a prestigious, systematic institutional 

mechanism for interaction with non-UN 

partners and with developing-country water 

institutions in the assessment area;  

 Provide a knowledge base that can be used to 

support other water management and 

capacity building programmes, within and 

external to the UN. 

 

 

Contact : wwap@unesco.org - UNESCO Natural Sciences Disclaimer - Privacy policy 

  

mailto:wwap@unesco.org
http://www.unesco.org/science/
http://portal.unesco.org/en/ev.php@URL_ID=13482&URL_DO=DO_TOPIC&URL_SECTION=201.html
http://portal.unesco.org/en/ev.php@URL_ID=13483&URL_DO=DO_TOPIC&URL_SECTION=201.html
http://www.unesco.org/water/wwap/description/


2.2.5 

 



 



 



 

  



2.2.6 

Climate Change 2007: Synthesis Report, IPCC, page 52 

 

2.2.7 

Climate Change 2007: Synthesis Report, IPCC, page 50 

 

  



2.2.8 

Climate Change 2007: Synthesis Report, IPCC, page 50 

 

 

 

2.2.9 

The following definitions are from http://www.drought.unl.edu.whatis/concept.htm 

Meteorological Drought 

Meteorological drought is defined usually on the basis of the degree of dryness (in comparison to 

some “normal” or average amount) and the duration of the dry period. Definitions of 

meteorological drought must be considered as region specific since the atmospheric conditions 

that result in deficiencies of precipitation are highly variable from region to region. For example, 

some definitions of meteorological drought identify periods of drought on the basis of the 

number of days with precipitation less than some specified threshold. This measure is only 

appropriate for regions characterized by a year-round precipitation regime such as a tropical 

rainforest, humid subtropical climate, or humid mid-latitude climate. Locations such as Manaus, 

Brazil; New Orleans, Louisiana (U.S.A.); and London, England, are examples. Other climatic 

regimes are characterized by a seasonal rainfall pattern, such as the central United States, 

northeast Brazil, West Africa, and northern Australia. Extended periods without rainfall are 

common in Omaha, Nebraska (U.S.A.); Fortaleza, Ceará (Brazil); and Darwin, Northwest 

Territory (Australia), and a definition based on the number of days with precipitation less than 

some specified threshold is unrealistic in these cases. Other definitions may relate actual 

precipitation departures to average amounts on monthly, seasonal, or annual time scales. 

Agricultural Drought 

Agricultural drought links various characteristics of meteorological (or hydrological) drought to 

agricultural impacts, focusing on precipitation shortages, differences between actual and 

potential evapotranspiration, soil water deficits, reduced ground water or reservoir levels, and so 

forth. Plant water demand depends on prevailing weather conditions, biological characteristics of 

http://www.drought.unl.edu.whatis/concept.htm


the specific plant, its stage of growth, and the physical and biological properties of the soil. A 

good definition of agricultural drought should be able to account for the variable susceptibility of 

crops during different stages of crop development, from emergence to maturity. Deficient topsoil 

moisture at planting may hinder germination, leading to low plant populations per hectare and a 

reduction of final yield. However, if topsoil moisture is sufficient for early growth requirements, 

deficiencies in subsoil moisture at this early stage may not affect final yield if subsoil moisture is 

replenished as the growing season progresses or if rainfall meets plant water needs. 

Hydrological Drought 

Hydrological drought is associated with the effects of periods of precipitation (including 

snowfall) shortfalls on surface or subsurface water supply (i.e., streamflow, reservoir and lake 

levels, ground water). The frequency and severity of hydrological drought is often defined on a 

watershed or river basin scale. Although all droughts originate with a deficiency of precipitation, 

hydrologists are more concerned with how this deficiency plays out through the hydrologic 

system. Hydrological droughts are usually out of phase with or lag the occurrence of 

meteorological and agricultural droughts. It takes longer for precipitation deficiencies to show up 

in components of the hydrological system such as soil moisture, streamflow, and ground water 

and reservoir levels. As a result, these impacts are out of phase with impacts in other economic 

sectors. For example, a precipitation deficiency may result in a rapid depletion of soil moisture 

that is almost immediately discernible to agriculturalists, but the impact of this deficiency on 

reservoir levels may not affect hydroelectric power production or recreational uses for many 

months. Also, water in hydrologic storage systems (e.g., reservoirs, rivers) is often used for 

multiple and competing purposes (e.g., flood control, irrigation, recreation, navigation, 

hydropower, wildlife habitat), further complicating the sequence and quantification of impacts. 

Competition for water in these storage systems escalates during drought and conflicts between 

water users increase significantly. 

  



2.4.2 

Following excerpt is from McPhee and Yeh, Multiobjective analysis for sustainability – 

conjunctive use planning of groundwater and surface water, Chapter 6, Water Resources 

Sustainability, ed. by L.W. Mays, page 120, McGraw-Hill, 2007. 

 

  



The following is from  

Holway, J., Adaptive Water Quantity Management: Designing for Sustainability and Resiliency 

in Water Scarce Regions, The Water Environment of Cities, ed. by L. Baker, Springer, 2009.

 



 

2.5.1 

The solution to this is specific to the region inwhich you live. 

  



2.5.2 

 

 

2.5.3 

 

2.5.4 

Sc = 0, and Da = 0 then solving for Dm 

 

𝐷𝑚  =  
 𝐴 −  𝑆𝑔𝑠 +   1 − 𝐼𝑒 𝐸 + (1 − 𝐼𝑖)𝐷𝑖

𝑅 +  𝐼𝑚 −  1
 

 

𝐷𝑚  =  
 𝐴 −  𝑆𝑔𝑠 +   1 −  0.9 𝐸 + (1 −  0.12)𝐷𝑖

𝑅 +  𝐼𝑚 −  1
 

 



𝐷𝑚  =  
 𝐴 −  𝑆𝑔𝑠 +  0.1𝐸 + 0.88𝐷𝑖

𝑅 +  𝐼𝑚 −  1
 

 

 


