Terrestrial ECV 03 :: GROUNDWATER

Introduction

Groundwater has an important role in the environment: it replenishes streams, rivers, and wetlands and helps to support wildlife habitat; it is used as primary source of drinking water and also in agricultural and industrial activities. Around the world, groundwater resources are under increasing pressure caused by the intensification of human activities and other factors such as climate changes. Reductions in groundwater stores have implications for the water cycle because groundwater supplies the baseflow in many rivers and it supports evapotransiration in high water table regions. Reductions in groundwater storage also have major implications for water quality because the salinity of the extracted water frequently increases as the volume of the reservoir decreases. Groundwater resources need to be carefully protected because in many regions, withdrawal rates exceed recharge rates. Once modified or contaminated, groundwater can be very costly and difficult to restore.
In fact the purposes of groundwater monitoring are:

1. collecting, processing and analysing the data as a baseline for assessment of the current state, anticipating changes and forecasting trends in groundwater quantity and quality due to natural processes and human impacts in time and space; 
2. providing information for improvements in the planning, policy and management of groundwater resources.

Groundwater monitoring is a continuous, methodologically and technically standardized process involving in situ, satellite and airborne observations and laboratory analysis of quality variables. In fact a groundwater monitoring programme includes both groundwater quantity (e.g. groundwater level and recharge rates) and quality monitoring (analysis of selected physical and chemical variables) networks. Groundwater monitoring programmes operate at the international, national, regional and local scales: at local scales, groundwater monitoring activities often include a great density of monitoring wells, multilevel groundwater sampling of the unsaturated and saturated zones, high sampling frequency, and analysis of variables chosen; numerical models used on regional scales are valuable to fill in spatial and temporal gaps in in situ monitoring, although their reliability is more uncertain when high quality input data are not available. Satellite observations are now playing an increasingly important role in global groundwater resources assessment and groundwater storage change, but only at lower spatial and temporal resolutions.
All these information types, used synergistically, can yield a consistent picture of the current state of global groundwater resources, so that in the future it will be possible to provide more accurate prediction of variations in groundwater availability.

1.Definitions and units of measures
Several critical variables must be considered under the heading “groundwater”: groundwater level, groundwater recharge and discharge, well groundwater level and water quality.
Of these, monitoring groundwater levels usually takes priority because it is a direct indicator of groundwater supply and withdrawal rates (GCOS 115, GCOS 82), while the TOPC recognizes that groundwater discharge and recharge are critical aspects of climate change.
· groundwater level (m): the level of the water table, the upper surface or top of the saturated portion of the soil or bedrock layer that indicates the uppermost extent of groundwater. It can be expressed as a height above a datum, such as sea level, or a depth from the surface.

· groundwater recharge (m/s): process that occurs naturally where permeable soil or rock allows water to readily seep into the aquifer. This takes place intermittently during and immediately following periods of rain and snowmelt, which are the principal sources for replenishment of moisture in the soil water system. This depends on the rate and duration of rainfall, the subsequent conditions at the upper land surface boundary, the antecedent soil moisture conditions, the water table depth and the soil type. Monitoring of groundwater recharge allows for estimation of its temporal variability and areal distribution.
· groundwater discharge (m/s): process in which groundwater that enters the terrain in recharge areas, leaves the aquifer at discharge points. When the water table intersects the land surface there is a discharge zone. Discharge points typically occur as seepage into wetlands, lakes and streams. Monitoring of natural groundwater discharge (springs, bank seepage, baseflow) provides data needed for calculation of groundwater balance and storage.
· wellhead level (m): The elevation of a well top above sea level. A well is an opening in the surface of the earth for the purpose of removing fresh water. Wells represent keyholes to aquifers, which allow groundwater level variations, pressure and quality measurements to be made and thus furnish information from which the health of the aquifer system can be judged. Monitoring wells are located outside of the impact of pollution sources and influence of groundwater abstraction sites on groundwater system. Monitoring wells serve to observe one aquifer only. Well design should permit separate measurement and testing of individual aquifers.
· water quality is the composition of constituents dissolved or contained within the water in the functioning of natural processes and human activities. Chemical composition is the most invoked factor in characterizing water quality. Biological, physical, and radiological factors are also considered when discussing water quality. 
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Overview on observations and measurements

According to a world-wide inventory of groundwater monitoring compiled by the International Groundwater Resources Assessment Centre (IGRAC), in many countries systematic monitoring of groundwater quantity or quality, even at a regional scale, is minimal or non-existent [Jousma and Roelofsen, 2004]. 
National hydrological services, in cooperation with the WMO Commission for Hydrology (CHy) are encouraged to continue and expand where possible existing programmes of groundwater and aquifer monitoring, including expansion of the International Groundwater Resources Assessment Centre.
From a practical perspective, progress on adequately monitoring groundwater is not likely to occur within a 10-year time horizon, though the research efforts of the Integrated Global Water Cycle Observations (IGWCO) theme and UNESCO’s International Hydrological Programme for a groundwater inventory may in the longer term lead to more reliable monitoring of this Essential Climate Variable.
For example, UNESCO has supported the establishment of a monitoring system to evaluate deterioration in the quality of groundwater resources within some of the larger cities in West Africa. The aim of the project is to set up a regional observatory of aquifer vulnerability and early-warning contamination for urban and "peri-urban" water supply.

Many nations maintain groundwater programmes and networks of wells that periodically measure the level of groundwater. For many countries, however, this work is nonexistent.
The Hydrology and Water Resources Programme (HWRP) of WMO is concerned with the assessment of the quantity and quality of water resources, both surface and groundwater, in order to meet the needs of society, to permit mitigation of water-related hazards, and to maintain or enhance the condition of the global environment. Some groundwater data, (i.e., groundwater level and quality variables), can be obtained through the WMO’s Hydrological Information Referral Service (INFOHYDRO), although the records are not complete for the globe.

Groundwater, is part of GTN-H (Global Terrestrial Network for Hydrology) which is supported by the joint efforts of the WMO Hydrology and Water Resources (HWR) Department, the Global Climate Observing System (GCOS) and the Global Terrestrial Observing System (GTOS). The GTN-H is a global hydrological “network of networks” for climate that is building on existing networks and data centres and producing value-added products through enhanced communications and shared development. 

The potential for a Global Terrestrial Network for Groundwater (GTN-GW) stems from the Global Groundwater Monitoring System (GGMS), a system – created thanks to funding from IGWCO, GARS and UNESCO by the International Centre Groundwater Resources Assessment (IGRAC) - that could provide the spatially aggregated information on groundwater variables world-wide. The Global Groundwater Monitoring System includes monitoring variables on aquifers using aggregation procedures for groundwater variables world-wide. According to these procedures, the aggregation of point measurements is necessary to ensure representativeness of information in all studies at all scales, and the complex process of aggregation needs to be carried out by people network of experts on regional hydrogeology, measurement practice, water use, etc.

The need for a GTN-GW is motivated by the following main factors:

· Generally perceived poor access to geo-referenced information on groundwater at a global scale: even if the information does exist, it is often so difficult to access to its; in fact the main objective of the first workshop on “Global Monitoring of Groundwater Resources” (18-19 October 2007 in Utrecht, the Netherlands) is assessing the state of relevant information resources, which can contribute to the analysis and planning of groundwater at the global, regional and even national levels thanks to the Global Groundwater Monitoring System
· Inadequacy of groundwater data acquisition in many countries: many groundwater systems have not been explored and assessed sufficiently, while variations in time of the groundwater conditions – essential information for adequate management – are monitored only occasionally.
IGRAC pursues these objectives by the development of a Global Groundwater Information System (GGIS)
, by activities related to Guidelines and Protocols for groundwater data acquisition (G&P) and by participation in strategic global and regional projects with a strong groundwater component (WHYMAP, WWAP, UNESCO working groups, ISARM, etc.). Cooperation with UNESCO, WMO, IAH, national groundwater organizations and many other partners all over the world is among the key mechanisms to achieve IGRAC’s goals.

During the meeting on “Global Monitoring of Groundwater Resources” a list of groundwater variables and hydrogeologic parameters was discussed for inclusion in the GGMS archive, and includes several of the following: groundwater level, groundwater abstraction, salinity and other indicators of water quality, storage coefficients, well head elevation, screen depth, and local aquifer characteristics including aquifer type, thickness and whether measurements are for confined/unconfined units. All these variables will serve to monitor groundwater resources as well as to support related inquiries.

Transboundary aquifers are as important a component of global water resource systems as are transboundary rivers; yet, their recognition in international water policy and legislation is very limited. Existing international conventions and agreements barely address aquifers and their resources. To rectify this deficiency, the International Association of Hydrogeologists and UNESCO’s International Hydrological Programme have established the Internationally Shared (transboundary) Aquifer Resource Management (ISARM) Programme. Within ISARM a joint project of IAHS, UNESCO, FAO, UN ECE and others, groundwater monitoring networks are developed for pilot aquifers, extending across country boundaries in different regions of the world. Using outputs of case studies, the ISARM Programme is building scientific, legal, environmental, socioeconomic, and institutional guidelines and recommendations to aid nations in the management of their transboundary aquifers. Since its start in 2000, the programme has completed inventories of transboundary aquifers in the Americas and Africa, and, as because a lack of standard monitoring procedures means that available data cannot be easily compared, standardizing groundwater monitoring practices were developed to make the results comparable across boundaries (Puri S. and Aureli A.).

2.Existing measurements methods and standards

In situ measurements

As first outcome of the workshop on “Global Monitoring of Groundwater Resources” (October 2007 in Utrecht, the Netherlands) there was an agreement that IGRAC and its GGMS will function as lead institution and repository for global groundwater observations. IGRAC plans that GGMS will archive monthly data using 1º global grids for all variables. Data will be provided on a by-county basis, and will be uploaded via a user-friendly web interface. Experts in each country would be responsible for aggregating an agreed-upon list of variables and hydrogeologic parameters to the corresponding 1º grids and for submitting them to the GGMS. 
At the workshop on “Global Monitoring of Groundwater Resources,” sponsored by IGWCO, GARS and UNESCO, it was noted that groundwater level monitoring usually takes priority over other critical variables because it is a direct indicator of the amount of groundwater storage. 
However, an important outcome of this meeting was that the need for additional groundwater monitoring, including other physical and chemical descriptors, are required for adequate characterization of groundwater resources and availability..
Groundwater level measurements may be conducted by field crews of the responsible organisation, by local volunteers (e.g. local teachers) or by a combination of both. 
In particular, Annex C of Guideline on Groundwater Monitoring for General Reference Purposes describes how to conduct in situ and representative measurements of groundwater levels and groundwater discharge in different hydrogeological settings and under different conditions of natural groundwater flow and exploitation, in conditions of low, medium and high cost. The annex describes the properties and applicability of instruments for piezometric monitoring as well as for discharge measurements. Different types of monitoring points, including wells, piezometers, horizontal galleries, channels, natural streams (base flow) and springs are considered. 

When holes are drilled they provide unique in-situ data on groundwater resources and the initial test pumping provides key baseline reference information on groundwater quantity and quality. 

To determine groundwater elevation above mean sea level, use the following equation: 
EW = E - D
where:

EW = Elevation of water above mean sea level (m) or local datum
E = Elevation above sea level or local datum at point of measurement (m)

D = Depth to water (m)

Ground water level data were collected observing wells or piezometers over long-term periods and summarized on hydrographs.  A hydrograph diagrams the fluctuation of ground water levels during a given period of time (most hydrographs use annual cycle) and allows for comparison of ground water levels from year to year. 
GROUNDWATER BALANCE EQUATION [C. P. Kumar, National Institute of Hydrology]
The estimation of the groundwater balance of a region requires quantification of all individual inflows to or outflows from a groundwater system and change in groundwater storage over a given time period. The basic concept of water balance is:
change in storage of the system =      Input to   -   outflow from
                                   (over a period of time)              the system      the system 
Considering the various inflow and outflow components in a given study area, the groundwater balance equation can be written as:
Rr + Rc + Ri + Rt + Si + Ig = Et + Tp + Se + Og + S 

where:
Rr = recharge from rainfall;

Rc = recharge from canal seepage;

Ri = recharge from field irrigation;

Rt = recharge from tanks;

Si = influent seepage from rivers;

Ig = inflow from other basins;

Et = evapotranspiration from groundwater;

Tp = draft from groundwater;

Se = effluent seepage to rivers;

Og = outflow to other basins; 

S = change in groundwater storage [C. P. Kumar, National Institute of Hydrology].

Preferably, all elements of the groundwater balance equation should be computed using independent methods. However, it is not always possible to compute all individual components of the groundwater balance equation separately. Sometimes, depending on the problem, some components can be lumped, and account only for their net value in the equation.

- Tools of measurement 
Different techniques can be used to measure the groundwater level within the piezometer or well, including:
· Plopper, where a concave metal casting attached to the graduated tape makes a plopping noise when it hits the groundwater surface. 

· electrical sounder, where the insulated wires for a pair of electrodes are incorporated into a graduated flat tape. A circuit is completed when the electrodes come into contact with the groundwater surface, which activates a light and/or buzzer 

· wetted-tape, where a weighted tape that is rubbed with coloured chalk is lowered down the piezometer until it is submerged. The water level is indicated by where the chalk has been removed. 

· bubble tube, where a length of plastic tubing marked with depth increments is lowered down the piezometer. Contact with the standing water is distinguished by blowing into the tube and listening for the sound of bubbles. 

· Automatic water level recorders, similar to that used in surface water bodies such as pressure transducers, or capacitance probes 
Water quality is the composition of constituents dissolved or contained within the water in the functioning of natural processes and human activities. Chemical composition is the most common factor invoked to characterise water quality; however, biological, physical, and radiological factors should also be considered when describing water quality. According to the Guideline on Groundwater Monitoring for General Reference Purposes of IGRAC, the interest in these parameters differs with the objectives of the analysis. These objectives may be of a general type, for instance “general groundwater characterisation” related to the actual situation and the potential for use, or may be more specific, such as conducting studies of groundwater quality under the influence of contamination or remedial measures. 

Numerous tests can be run to analyze ground water for its major and trace constituents or pathogenic viruses and bacteria that can occur in groundwater. These tests are available at many laboratories for a moderate costs. The complexity of groundwater quality problems usually increases with the intensity of groundwater development and so does the need for more specific data collection. Users of groundwater quality data are institutions advising ministries of water, public health, agriculture, industry or environment (governmental institutes, universities, others) as well as private organisations and firms working for the water sector. 

Upon receiving results of sample analyses the institution can then decide what measures to take to eliminate any unwanted components within the ground water. 
Besides also the Groundwater rule Source Water Monitoring Guidance Manual of United States Environmental Protection Agency (U.S. EPA) contains information about groundwater monitoring, how to determine the appropriate fecal indicator for monitoring and how the different analytical analysies and methods work. 
Standards and protocols for groundwater
Several guidelines for the development of groundwater monitoring are available but most of them are inadequate in the methodology of groundwater monitoring, which is often characterised by poor hydrogeological information, limited financial resources and/or limited institutional capacity. So, IGRAC assembled an international Working Group of groundwater professionals and gave it the task of developing a groundwater monitoring guideline (Guideline on Groundwater Monitoring for General Reference Purposes) for countries with limited financial resources. This guideline focuses on development of a “general reference monitoring programme” for the early stage of groundwater reconnaissance, groundwater development and groundwater management. 
According to IGRAC’s guidelines, a groundwater monitoring programme may include several types of data (e.g. groundwater levels, groundwater quality, base flow and spring flow) and they may be collected by different institutions or even different units of them. For instance, recording data on surface water (the basic data for baseflow assessment) may belong to the task of a hydrometeorological organisation, while recording groundwater level data may be the responsibility of a hydrogeological organisation. 

IGRAC pursues its objectives also by activities related to Guidelines and Protocols for groundwater data acquisition (G&P) and it has established an internet database on G&P in the field of groundwater, based on a world-wide inventory. The database allows the user to conduct searches on available guidelines and protocols, by selecting a subject related to groundwater assessment, development and management. This informs the user about the purpose, content, type, nature and scope of the guideline or protocol and so on.

The United States Environmental Protection Agency (U.S. EPA) describes in Standard Operating Procedure (SOP) the guidelines for determining in situ - in an open borehole, cased borehole, monitoring well or piezometer - groundwater level, depth and floating chemical product (i.e., gasoline, kerosene); this for constructing water table or potentiometric surface maps, determining flow direction as well as other aquifer characteristics and thus to furnish information about the health of the aquifer system. The U.S. standard operating procedures may be varied or changed as required, dependent on site conditions, equipment limitations or limitations imposed by the procedure or other procedure limitations.

Standards for groundwater include quantitative (water flow, amount, etc.) and water quality standards. For example the United Kingdom’s Technical Advisory Group on the Water Framework Directive (UKTAG), a working group drawn from the environment agencies, is developing a classification system for the chemical and quantitative status of groundwater. To fulfil the requirements of the Water Framework Directive, the UKTAG proposes that its system applies to all groundwater bodies and that the environment agencies use it to derive the environmental standards that will contribute to the determination of a good status. Existing standards for groundwater are currently derived and used on an ad hoc basis to protect groundwater and to meet a range of legislative requirements. The UKTAG proposes that the environment agencies use these environmental standards as triggers for further investigation and that it is these investigations that decide whether the conditions for good status have been met (for chemical status this is a requirement of the Groundwater Daughter Directive). The environmental standards, and the action to achieve good status, will be published for consultation in 2008 in the draft River Basin Management Plans [PROPOSALS FOR A GROUNDWATER CLASSIFICATION SYSTEM AND ITS APPLICATION IN REGULATION, June 2007].

About groundwater ISO there are:

· ISO/TC 147/SC 6 N 120, Guidance on the sampling of groundwater;

· ISO 5667-18:2001 part 18 Guidance on sampling of groundwater at contaminated sites;
· ISO 21413:2005  Manual methods for the measurement of a groundwater level in a well.
Besides, the Technical Committees of European Committee for Standardization (CEN) and International Organization for Standardization (ISO) on geotechnical investigation and testing prepare among others several common standards that deal with the direct investigation of soil, rock and groundwater. 

EN ISO 22475:2006 consists in three parts: the first, EN ISO 22475 -1, defines concepts and specifies requirements relating to exploration by excavation, drilling and sampling as well as groundwater measurements as described in EN 1997-1 and EN 1997-2. EN ISO 22475-2 is relative to Technical qualification criteria for enterprises and personnel and EN ISO 22475-3 applies for the conformity assessment of enterprise and personnel and defines concepts end specifies requirements relating to sampling by drilling and excavation and groundwater measurements.

Satellite Measurements

As satellite observations provide a truly global view there are currently number of international efforts from ESA, NASA and the French Space Agency (CNES) which involve groundwater monitoring using satellite data.
Satellite observations of Earth’s time-variable gravity field from the Gravity Recovery and Climate Experiment (GRACE) mission (Tapley et al., 2004) represent a new opportunity to explore the feasibility of monitoring groundwater storage variations from space (Rodell and Famiglietti, 2002). In fact as complementary to the terrestrial measurements, IGRAC is exploring possibilities to use GRACE, a joint satellite mission of NASA and DLR (Deutsches Zentrum fur Luft und Rumfahrt = German Center for Air and Space Flight), for measuring on large scale changes in total, column-integrated of terrestrial water storage (TWS) from space. 
The GRACE satellite mission provides regular, monthly solutions for the Earth's gravity field: short-term variations in gravity on land are largely due to corresponding changes in vertically integrated terrestrial water storage (Tapley et al., 2004; Wahr et al., 2004). For the first time this has allowed observations of variations in total water storage (i.e. the sum of snow, vegetation water, surface water, soil moisture, groundwater) from local scale (Swenson et al., 2003; Chen et al., 2005; Seo et al.,2006) to continental scales (Wahr et al., 2004; Ramillien et al., 2005, Syed et al., 2008) because GRACE has no vertical resolution and it cannot distinguish between the various components of terrestrial water storage.
In order to use GRACE observations of total water storage variations to isolate the changes in groundwater storage, the mass changes above the water table (i.e. from changes in snow, surface water and soil moisture storage) must be removed from the GRACE data ( Rodell and Famiglietti, 2002) Yeh et al. [2006] and Swenson et al. [2008] used in situ observations of snow, surface water and soil moisture to isolate groundwater storage changes from GRACE in Illinois and Oklahoma, USA, respectively. At larger spatial scales, like that of the Mississippi River basin in the USA, extensive hydrological monitoring networks do not exist. At these scales, model estimates of snow, surface water and soil moisture changes are required to remove their mass variations from the GRACE signal and estimate groundwater storage changes. Rodell et al. [2007] demonstrated that GRACE can be used to groundwater variations with the help of the Global Land Data Assimilation System (GLDAS). This system produces global, continuous fields of surface states and fluxes, as derived from the most complete combination of advanced land surface models (LSMs), reliable observations, and statistical assimilation techniques available,  that provide important information on terrestrial water storage (TWS).  
GLDAS has the capability of simulating soil moisture and snow water equivalent using several different LSMs (such as Noah LSM, Mosaic LSM) so to evaluate the variations of groundwater storage it is necessary calculating the difference between TWS anomalies observed by GRACE and changes in water storage determined by GLDAS:
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In addition, the ESA GOCE mission will measure different wavelengths in the gravity field and will contribute to the detection of changes in groundwater.
Also several recent studies [Hoffmann, 2001; Schmidt 2002] have shown that seasonal Interferometric Synthetic Aperture Radar and Global Positioning System (InSAR-GPS) signals are correlated with groundwater storage systems. Thanks to this it is pointed to expand the benefits of InSAR-GPS applications into regional groundwater change monitoring.  Many projects propose to employ a set of ERS satellite radar scenes (to be provided by NASA EPSCoR core funding) and other existing data to monitor groundwater resources on regional scale, for example the studies of effects over groundwater basins in Nevada region [Gary L Oppliger, 2003]. There, owing to the arid climate and a rapidly growing population, many pumped groundwater basins in Nevada are experiencing declining water levels. InSAR studies results for three basins in southern Nevada [Bell, J.W. et al.] illustrate how InSAR can provide a powerful tool for characterizing aquifer system response that can be used for groundwater resource management and subsidence hazard mitigation. 

As this, there are many other example-cases of InSAR studies occurred around the world in selected groundwater zones.

Groundwater models

Mathematical methods and numerical modelling are of great significance for groundwater management. Numerical models allow the analysis of the present conditions and the evolution of groundwater systems, as well as an estimation of the impact of factors such as temperature and salt dependent water density on the flow field. Furthermore, they can simulate and predict the spreading of solutes in groundwater. They are an essential tool for the protection of groundwater and the development of measures to be taken in case of pollution. Numerical models are also of decisive importance for the prognosis of long-term safety of waste disposal sites or for the understanding of the paleohydrogeological evolution of groundwater systems.

Groundwater resources maps

Groundwater is monitored in many parts of the world, mainly by measuring groundwater levels, groundwater recharge, spring discharge and water quality. The results of these variables measurements are often interpolated and combined with other information pieces to produce various groundwater thematic maps covering aquifers, regions or even countries. Over time, many countries and states have developed groundwater mapping programmes for their entire territory or for areas in which their most important groundwater resources are located. 

In response to the needs for water resources assessment on a global level, FAO has developed its AQUASTAT database on water and agriculture, and UNEP has organized the environmental database of its GEO (Group on Earth Observations) data portal. FAO’s original data are based on enquiries circulated to representatives in the different countries; UNEP’s data are being collected by the World Resources Institute (WRI). Recently it has created GGIS database of IGRAC in which one of three of GGIS modules is the Global Overview (GO) that contains a world map of Global Groundwater Regions. 

In order to contribute to the world-wide efforts to better study, manage and protect groundwater resources the World-wide Hydrogeological Mapping and Assessment Programme (WHYMAP), launched in 1999, aims at collecting, collating and visualising hydrogeological information at a global scale. Maps are convenient tools to convey groundwater related information in an appropriate way to groundwater experts as well as to non-experts or politicians. WHYMAP thus brings together the huge efforts in hydrogeological mapping, at regional, national and continental levels.

3. Global associations, organizations, programmes, projects and working

groups on groundwater

· International Association of Hydro-geologists (IAH)

· International Association of Hydrological Sciences (IAHS),

· Association of Geoscientists for International Development (AGID)

· United Nations Educational, Scientific and Cultural Organization - Water Science Division

· United Nations Food and Agricultural Organization
· United Nations Environmental Programme (UNEP)

· International Atomic Energy Agency - Isotope Hydrology Section

· World Bank (IBRD)

· World Meteorological Organization (WMO)

· World Water Assessment Programme
· Global Water Partnership
· International Groundwater Resources Assessment Centre (IGRAC)

· International Groundwater Modelling Centre
· International Water Management Institute (IWMI)
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� Groundwater begins with rain and snow melt that seeps or infiltrates into the ground. The amount of water that infiltrates into the ground varies widely from place to place according to the type of land surface cover. In porous surface material such as sand or gravel, 40 to 50 percent of the rain and snowmelt may infiltrate into the ground. Infiltration into less porous surface material may range from 5 to 20 percent. The remainder of the rain and snow melt runs off the land surface into streams or returns to the atmosphere by evaporation. Infiltration into the ground is also strongly influenced by the season of the year. Evapotranspiration (which includes evaporation from open water bodies and bare soils, and transpiration from plants) is greater during the warm months. During cold months, the ground may be frozen, hindering water seepage, and evapotranspirration is less. (Lyle S. Raymond, “What Is Groundwater - New York State Water Resources Institute, Cornell University)


� Salinity is the amount -by weight- of salt in water and can be expressed in parts per million (ppm). The classes of water are:


Fresh water - less than 1,000 ppm 


Slightly saline water - From 1,000 ppm to 3,000 ppm 


Moderately saline water - From 3,000 ppm to 10,000 ppm 


Highly saline water - From 10,000 ppm to 35,000 ppm 





� GGIS database of IGRAC (see: www.igrac.nl), intends to bring together all information relevant for groundwater, draws heavily on data from these and other global or regional databases. GGIS not only builds a global database on groundwater-related attributes, but it also provides possibil ities for online visualization. One of the GGIS views is ‘country-oriented’, like the AQUASTAT and GEO databases, and contains 77 standardized attributes. In add ition to these administratively defined spatial boundaries, IGRAC has developed a system of Global Groundwater Regions,


in order to organize data according to more physically based units. For this second view, 43 uniform attributes have been defined.
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