

Water Resources 


6. Water Resources

6.1 Overview:   Hydrologic Implications of Climate Change for Water Resources

Climate change is likely to alter the hydrologic cycle in ways that may cause substantial impacts on water resource availability and changes in water quality.  For example, the amount, intensity and temporal distribution of precipitation are likely to change.  Less dramatic but equally important changes in run-off could arise from the fact that the amount of water evaporated from the landscape and transpired by plants will change with changes in soil moisture availability and plant responses to elevated CO2 concentrations.  This will affect stream flows and groundwater elevations.  This overview briefly summarizes potential impacts on the most important water resource elements.  This is not an exhaustive, detailed list, nor is it intended to indicate a ranking of importance; it highlights the most important impacts. 

6.1.1 Precipitation changes

Along with the projected future warming there will be changes in atmospheric and oceanic circulation, and in the hydrologic cycle, leading to altered patterns of precipitation and run-off.  The most likely will be an increase in global average precipitation and evaporation as a direct consequence of warmer temperatures.  Evaporation will increase with warming because a warmer atmosphere can hold more moisture and higher temperatures increase the evaporation rate.  On average, current climate models suggest an increase of about 1%–2% per degree Celsius from warming forced by CO2 (Allen and Ingram, 2002).  An increase in global average precipitation does not mean that it will get wetter everywhere and in all seasons.  In fact, all climate model simulations show complex patterns of precipitation change, with some regions receiving less and others receiving more precipitation than they do now; changes in circulation patterns will be critically important in determining changes in local and regional precipitation patterns. 

6.1.2 Changes in precipitation frequency and intensity

Many have argued that, in addition to changes in global average precipitation, there could be more pronounced changes in the characteristics of regional and local precipitation due to global warming.  For example, Trenberth et al. (2003) hypothesized that, on average, precipitation will tend to be less frequent, but more intense when it does occur, implying greater incidence of extreme floods and droughts, with resulting consequences for water storage.  Thus, the prospect may be for fewer but more intense rainfall – or snowfall – events. 

6.1.3 Changes in average annual run-off

Run-off changes will depend on changes in temperature and precipitation, among other variables.  Arnell (2003) used several climate models to simulate future climate under differing emissions scenarios.  The study linked these climate simulations to a large-scale hydrological model to examine changes in annual average surface run-off by 2050.  They found that all simulations yield a global average increase in precipitation, but likewise exhibit substantial areas where there are large decreases in run-off.  Thus, the global message of increased precipitation clearly does not readily translate into regional increases in surface and groundwater availability. 

6.1.4 Hydrological impacts on coastal zones

The IPCC Working Group II TAR (McCarthy et al., 2001) identifies several key impacts of sea level rise on water providers located in coastal areas, including (1) lowland inundation and wetland displacement, (2) altered tidal range in rivers and bays, (3) changes in sedimentation patterns, (4) more severe storm surge flooding, (5) increased saltwater intrusion into estuaries and freshwater aquifers, and (6) increased wind and rainfall damage in regions prone to tropical cyclones.

6.1.5 Water quality changes

Where stream flows and lake levels decline, water quality deterioration is likely as nutrients and contaminants become more concentrated in reduced volumes.  Warmer water temperatures may have further direct impacts on water quality, such as reducing dissolved oxygen concentrations.  Prolonged droughts also tend to allow accumulation of contaminants on land surfaces, which then pose greater risks when precipitation returns.  
At the other extreme, heavy precipitation events may result in increased leaching and sediment transport, causing greater sediment and non-point source pollutant loadings to watercourses.  Floods, in particular, increase the risk of water source contamination from sewage overflows, agricultural land, and urban run-off.  
6.1.6 Water storage and management

An intensified hydrological cycle could make reservoir management more challenging, because there is often a trade-off between storing water for dry period use and evacuating reservoirs before the onset of the flood season to protect downstream communities.  Reservoirs have been usually sized to handle a certain amount of stream flow variability, determined from a relatively short historical record.  If the variability increases, reservoirs may be undersized to meet demands or adequately serve as flood protection.  Thus, it may become more difficult to meet delivery requirements during prolonged periods between reservoir refilling without also increasing the risk of flooding.  Earlier spring run-off from snowmelt is a likely manifestation of global warming.  To the extent that adequate reservoir space is available, changing the operation procedures of reservoirs could mitigate some of these effects.  
6.1.7 Groundwater changes

In many communities, groundwater is the main source of water for both irrigation and municipal and industrial demands.  Generally there are two types of groundwater resources – renewable and non-renewable.  Renewable groundwater is directly tied to near-surface hydrologic processes; it is thus intricately tied to the overall hydrologic cycle and could be directly affected by climatic change.  In many places, the overdraft of renewable groundwater aquifers occurs because the rate of withdrawal exceeds the rate of recharge.  In fact, renewable groundwater supplies are often thought of being the same resource as surface water because they are so intertwined.  Thus, climate changes could directly affect these recharge rates and the sustainability of renewable groundwater.  Non-renewable groundwater supplies are usually derived from deep earth sediments deposited long ago and so have little climatic linkage.

6.1.8 Water demand changes

Future climate change could affect municipal and industrial water demand.  Municipal water demand – especially for garden, lawn, and recreational field watering – is affected by climate to a certain extent, but rates of water use are highly dependent on water resource regulations and local user education.  Industrial use for processing purposes is relatively insensitive to climate change; it is conditioned by technologies and modes of use.  Demand for cooling water would be affected by a warmer climate because increased water temperatures will reduce the efficiency of cooling, perhaps necessitating increased source water abstraction to meet cooling requirements (or, alternatively, changes in cooling technologies to make them more efficient).

6.1.9 Regional changes 

Although the preceding sections postulate some expected hydrologic changes from global warming, these generalizations will not be applicable in all places and at all times.  Watson et al. (1998) examined the regional impacts of climate change, with a particular focus on assessing vulnerability.  The report noted that more than 1 billion people do not have access to adequate water supplies, and that some 19 countries, primarily in the Middle East and Northern and Southern Africa, face severe water shortfalls.  This number could double by 2025, in large part because of the increased demand caused by economic and population growth.  Climate change could exacerbate the situation.

Watson et al. (1998) noted that many developing countries are particularly vulnerable to climate change because they already experience water shortfalls, being in arid and semi-arid regions.  Many people derive their water from single-point systems, such as boreholes or isolated reservoirs.  This lack of “water diversification” increases people’s vulnerability to water shortage.  These systems do not have the redundancy necessary to minimize the risks during times of shortage.  Also, given the often limited technical, financial and management resources available to developing countries, adjusting to shortages or implementing adaptation measures can impose a burden on national economies. 

These small water supply systems are found in many parts of the world.  Persistent drops in water level in these systems could adversely affect the quality of water by increasing the concentrations of sewage waste and industrial effluents, thereby increasing the potential for outbreaks of disease and reducing the quantity of potable fresh water available for domestic use.  
There is evidence that flooding is likely to become a larger problem in many temperate and humid regions, requiring adaptation not only to droughts and chronic water shortages but also to floods and associated damage, raising concerns about dam safety.  Trenberth et al. (2003) hypothesized that global warming due to enhanced GHGs could increase the intensity of precipitation and reduce its frequency, which would be particularly problematic in regions with rapid changes in land use and land cover, because this would mean changes in surface run-off and groundwater recharge characteristics.  Flooding could be worse, accompanied by rapid drying and less overall water resource availability.  The effects on water resources could be sufficient to lead to conflicts among users, regions and countries.

6.2 Climate Change Information for Water Resource Management

Water managers are accustomed to adapting to changing circumstances, many of which may be analogues of future climate change, and they have developed a wide range of adaptive options that may or may not be appropriate, depending on the magnitude of climate change and how rapidly and when those changes are put into affect.  For reasons noted above, climate warming will inevitably challenge existing water management practices, especially in countries with less experience in incorporating uncertainty into water planning and less financial and institutional resources.  The current challenge is to incorporate climate change uncertainty along with the other types of uncertainty usually treated in the water planning process. 

A cornerstone of climate change analysis in the water planning process is the use of hydrologic simulation to study the effect of a changing climate on the rainfall–run-off process.  Many of these models attempt to capture the physical mechanisms of run-off production across the landscape by characterizing precipitation on to the land surface, either directly or through snowmelt, and the partitioning of that water into evapotranspiration, run-off to the river network, and recharge to groundwater systems.  Integrated Water Resource Management (IWRM) models can then use these water fluxes to determine reservoir management and water delivery strategies, often within a well-defined regulatory framework. 

A review of the scientific and water planning literature, however, suggests that most water resource studies on climate change have incorporated climate information into their planning process using a top-down approach (see Figure 6.1).  This approach typically begins by establishing the scientific credibility of human-caused climate warming, develops future climate scenarios to be used at the regional level, and then imposes those potential changes on water resource systems to assess, for example, system reliability.  The problems with a top-down approach are as follows:   (1) it does not always address the unique needs of a region, and (2) the approach may become mired in the uncertainty of the future climate projections.  Alternatively, the bottom-up approach begins by identifying a water sector’s most critical vulnerabilities; articulates the causes for those vulnerabilities; suggests how climate change, climate variability, and climate extremes might or might not exacerbate those vulnerabilities; and finally designs an analytic process to better address and solve the vulnerability in the face of the climatic uncertainty (e.g., a precautionary approach).  In either top-down or bottom-up approaches, IWRM can be the most effective method for assessing adaptation options and their implications in the context of an evolving regulatory environment with its competing demands. 
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Figure 6.1.  Top-down vs.  bottom-up approaches to climate change assessment.

6.2.1 Adaptation to climate change in the water resource sector

Water managers have long had to cope with the challenges posed by hydrologic variability, essentially adapting to variability.  These adaptations have included the development of coupled reservoir and irrigation systems that allow for the redistribution of water during wet seasons and above-normal water years, for carry-over use during dry seasons or to minimize the impacts of drought.  Other adaptations, to minimize extensive flooding due to heavy precipitation and high flows, have been the creation of dams and levees to protect cities and concentrated agricultural production.

Protection of growing communities from the risk of flooding has increased in importance in many places.  Two adaptation strategies have been the development of flood control operating rules for large reservoirs and the construction of flood bypasses and levees.  These adaptations have had profound effects on ecosystems in many places, and the response has been the establishment of minimum instream flow requirements at important points in watersheds.  There is also a growing recognition that ensuring the proper volume of flow for ecosystems is necessary but not sufficient.  Other factors, such as the temperature and quality of the water in rivers, are also important.  Recent adaptations with regard to water temperature have included the construction of temperature control devices in large dams that allow for the controlled management of cold and warm water pools which generally develop when large reservoirs stratify.  Water quality adaptation measures can include the development of discharge permitting requirements.  These have been limited, to date, to point discharges, but are now being contemplated for non-point sources as well.

6.2.2 The Integrated Water Resource Management Method

The IWRM method is a systematic approach to planning and management that considers a range of supply-side and demand-side processes and actions, and incorporates stakeholder participation in decision processes.  It also facilitates adaptive management by continually monitoring and reviewing water resource situations. 

To capture the supply and demand side processes and actions, IWRM must simultaneously address the two distinct systems that shape the water management landscape.  Factors relating to the biophysical system shape the demand for water (through pricing, incentives for water reclamation and recycling, demand management programs, etc.), availability of water, and its movement through a watershed; factors relating to the socio-economic management system shape how available water is stored, allocated, regulated and delivered within or across watershed boundaries.  Increasingly, operational objectives of the management system seek to balance water for human use and water for environmental needs.  Thus, integrated analysis of the natural and managed systems is arguably the most useful approach.
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This type of analysis relies on hydrologic modelling tools that simulate physical processes, including precipitation, evapotranspiration, run-off, infiltration and groundwater flow
(see Figure 6.2).  In managed systems, analysts must also account for the operation of hydraulic structures, such as dams and diversions, as well as institutional factors that govern the allocation of water between competing demands, including consumptive demand for agricultural or urban water supply or non-consumptive demands for hydropower generation or ecosystem protection.  Because water quality also will change with climate, special attention must also be paid to water quality changes.  Such changes may result in increased restrictions on water withdrawals to maintain water quality and ecosystem health.  Changes in each of these elements can influence the ultimate impacts of climate change on water resources.  
Although different hydrologic models can yield different values for stream flow, groundwater recharge, water quality results, etc. (Boorman and Sefton, 1997; Beven, 2004), their differences have historically been small compared to the uncertainties attributed to global warming reflected in the differences among GCM output.  The chain of effects, however, from climate to hydrologic response, to water resource systems to the actual impacts on water supply, power generation, navigation, water quality, etc., will depend on many factors, each with a different level of uncertainty.  (Chapter 4 addresses options for creating climate change scenarios.)  Currently, infrastructure investments and long-term management strategies assume that precipitation and run-off will follow past trends.  Mounting evidence for climate change makes this an increasingly tenuous assumption.

6.2.3 Integrated Water Resource Management models

The water management literature is rich with IWRM models that have focused either on understanding how water flows through a watershed in response to hydrologic events (e.g., hydrologic and/or hydraulic simulation) or allocating the water that becomes available in response to those events (e.g., water resource management simulation).  The list of available models is too long to mention in detail, so brief summaries are presented here along with links to modelling resources (see Box 6.1).

Hydrologic simulation attempts to capture the most important land–atmosphere components of the hydrologic cycle.  One well-known hydrologic simulation tool is the United States Department of Agriculture’s Soil Water Assessment Tool (SWAT; Arnold and Allen, 1993).  The SWAT model has sophisticated physical hydrologic watershed modules that describe, among other things, rainfall–run-off processes, irrigated agriculture processes, and point and non-point watershed dynamics (Ritschard et al., 1999; Srinivasan et al., 1998; Fontaine et al., 2002).  The Danish Hydraulic Institute (DHI) offers a suite of models, including MIKE SHE, which is an integrated water resource modelling tool that can simulate all the major processes in the land phase of the hydrologic cycle.  The United States Army Corp of Engineers Hydrologic Engineering Center (HEC) developed the HEC-Hydrologic Modeling System (HMS), which simulates the precipitation–run-off processes of dendritic watershed systems.  The Delft Hydraulics Laboratory developed the HYMOS model for surface and groundwater hydrology and includes rainfall–run-off simulation.

Important to mention, but perhaps of less importance in terms of water supply and demand management, are hydrodynamics models.  These models are typically developed to track the propagation of water through a river system at very short time steps (e.g., minutes to hours).  Applications include flood inundation mapping and flood forecasting.  From a climate change perspective, this sort of hydrodynamics model could be used to study the interacting effects of sea level rise and changes in freshwater discharge into bay–delta systems at the event scale.  Models of this type include Delft’s DELFT3D, a sophisticated two- and three-dimensional hydrodynamics model that can simulate non-steady flow and transport resulting from tidal and meteorological forcing.  Other hydrodynamics models are DHI’s MIKE21 and MIKE3, which can simulate hydraulics, water quality and sediment transport in rivers, lakes and coastal areas (www.dhisoftware.com), and can be used for local to regional watershed studies.  The HEC’s hydrodynamics models include HEC-RAS, which is a one-dimensional model for hydraulic calculations and water surface profiles. 
This CGE training material focuses more attention on water resource management modelling, which can be used to investigate water supply and demand issues over long planning time horizons, consistent with climate change projections.  Water resource management models include the RiverWare™ DSS, a state-of-the-art water planning and operations model that can be used to develop multiobjective simulations and optimizations of river and reservoir systems, such as and including storage and hydropower reservoirs, river reaches, diversions and water users (Zagona et al., 2001).  The DHI modelling group provides a GIS-based planning model for studying water management options, referred to as MIKE BASIN.  The HEC-ResSim (USACE, 2003) is a reservoir simulation model that can describe operating rules, such as release requirements and constraints, hydropower requirements and multiple reservoir operations, but it too requires prescribed flows from other models.  The MODSIM DSS (Labadie et al., 1989) is a generalized river basin network flow model that can simultaneously incorporate the complex physical, hydrological and institutional/administrative aspects of river basin management, including water rights, but boundary flows must be prescribed.  
The MULINO DSS (Giupponi et al., 2004) is a multisectoral, integrated and operational decision support system for sustainable use of water resources at the catchment scale, with a focus on the DSS as a multicriteria decision aid.  Similar to RiverWare, MULINO can accommodate a physical watershed hydrology model that is external to the system, linked through appropriate input–output procedures.  WaterWare (Fedra and Jamieson, 1996; Jamieson and Fedra, 1996) is a sophisticated water resource DSS that includes dynamic simulation of physical models of water quality, allocation, rainfall–run-off, groundwater and water management elements, including demand/supply, cost–benefit analysis and multicriteria analysis.  Although WaterWare integrates the physical hydrology and the management system, applying the model requires a rather sophisticated level of user and hardware support.  The Delft Hydraulics River Basin Simulation Model (RIBASIM) is a generic water resource planning model for investigating the behaviour of river basins under various hydrologic conditions.

The UNFCCC training focused on the use of the Water Evaluation and Planning Version 21 (WEAP21), so a bit more detail about this model is presented.  The WEAP21 attempts to address the gap between water management and watershed hydrology, and the requirements that an effective IWRM be useful, easy to use, affordable and readily available to the broad water resource community.  WEAP21 integrates a range of physical hydrologic processes with the management of demands and installed infrastructure in a seamless and coherent manner.  It allows for multiple scenario analysis, including alternative climate scenarios and changing anthropogenic stressors, such as land use variations, changes in municipal and industrial demands, alternative operating rules and points of diversion changes.  WEAP21’s strength is in addressing water planning and resource allocation problems and issues, and, importantly, it is not designed to be a detailed water operations model that might be used to optimize hydropower based on hydrologic forecasts, for example.
The management system in the WEAP21 DSS is described by a user-defined demand priority and supply preference set for each demand site used to construct an optimization routine that allocates available supplies (Yates et al., 2005a, 2005b).  Demands are defined by the user, but typically include municipal and industrial demand, irrigated portions of subcatchments, and instream flow requirements.  Demand analysis in WEAP that is not covered by the evapotranspiration-based irrigation demand follows a disaggregated, end-use-based approach for determining water requirements at each demand node.  Economic, demographic and water use information is used to construct alternative scenarios that examine how total and disaggregated consumption of water evolve over time.  These demand scenarios are computed in WEAP and applied deterministically to a linear-programme-based allocation algorithm.  Demand analysis is the starting point for conducting integrated water planning analysis because all supply and resource calculations in WEAP are driven by the optimization routine that determines the final delivery to each demand node, based on the priorities specified by the user.

6.2.4 Using IWRM for adaptation assessment

Water managers have long had to cope with the challenges posed by climate and hydrologic variability, both intra-annually and inter-annually.  Their adaptation strategies include responding to both seasonal variability and extended wet and drought periods using integrated reservoir and irrigation systems that allow for the capture of water during the wet season for use during dry seasons and extended drought periods.  Other adaptations have been the use of levees and dams in concert to protect communities from heavy precipitation and high flood flows during extreme wet periods.  Climate change might challenge these conventional adaptations, forcing more aggressive strategies, such as artificially recharging aquifers or developing integrative strategies that optimally operate reservoirs in conjunction with the artificial recharging of aquifers.

Protecting growing communities from the risk of flooding also has increased in importance.  Two adaptation strategies are flood control operating rules for large reservoirs and flood bypasses that move water away from human settlements.  In many cases, flood conveyance restricts land use to not allow permanent structures, so during periods of high flow, large volumes of water can be diverted from the main river channels, thereby reducing the risk of flooding along the developed riverfront areas.  Climate change adaptation could include the re-operation of reservoirs to maintain their important services and, in some cases, the construction of new facilities to help in flood protection or to secure water supplies.  These adaptations would require careful consideration to ensure their usefulness in adapting to climate change, with an IWRM modelling process a key in assessing the benefits of alternative strategies for adaptation to climate change.  
Other water resource adaptations are designed to limit impacts on important aquatic ecosystems.  Adaptations include establishing minimum instream flow requirements at important points in the water system.  The physical rehabilitation of riverine ecosystems has taken on a priority because the watershed itself can act as a flow regulating system, buffering rapid stream flow response as water slowly migrates through the complex pathways of the watershed.  Water planners now realize that the extensive channelization of many watersheds around the world limits the amount of wetland and riparian habitat available.  Setting communities back from the riverine corridor is an adaptation being considered together with the concept that flow-bypass structures can be managed as wetland complexes.  There is also growing recognition that ecosystems require more than the minimum flows often prescribed for them.  
Other factors, such as the temperature and quality of the water in rivers, are also important.  Adaptations with regard to water temperature include the construction of temperature control devices in large dams which allow for the controlled management of cold and warm water pools that generally develop when large reservoirs stratify, which could be amplified with climate change.  Water quality adaptation measures can include the development of discharge permitting requirements.  To date these have been limited to point discharges, but they are now being contemplated for non-point sources as well.  There has been a clear historical trend toward placing a higher priority on environmental security as societies place greater value on the role of ecosystems. 

6.3 Data

Water resource planning models require data on water demand and water supply (Box 6.2).  Water demand information usually needs to come from local sources – including water use per capita domestic rates, and industrial and commercial water use rates.  Common water use rates can be extracted from literature.  Irrigation demands can be determined from knowledge about crops and the climate.  Data on demand for cooling water for thermal power plants and mainstream demands for navigation, recreation and hydropower are usually available from the users.  Data on ecosystem demand may be available from environmental agencies.  All the demands must be adjusted for climate change.  

Water supply data can be given as prescribed time series of river flows or groundwater availability (remembering that in many cases, surface water and groundwater systems are interconnected) or generated from physical hydrology or watershed models based on land use, topography and geology, and on climate data, such as precipitation, temperature, humidity and wind speed.  Modelling usually requires time series of run-off and groundwater availability with minimum time steps of one month.  Once natural flows are determined, adjustments in availability must be made based on water infrastructure such as reservoirs, wells, transmission networks, water treatment plants, etc. 
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Figure 6.2.  The interface between the natural watershed and managed systems. 
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Box 6.1.  IWRM models.


Several water resource tools are available for assessing water resource impacts and adaptations to climate change, focusing on regional water supply and demand analysis of managed water systems.  The models summarized here include physical watershed hydrology models such as SWAT and HEC-HMS; hydrodynamics models that can simulate river channel dynamics such as water elevation and flood inundation extent; and water planning and operations models such as WEAP21 and RiverWare.


Watershed Hydrology


WEAP21:   �HYPERLINK "http://www.weap21.org/"��http://www.weap21.org� (free for developing countries)�SWAT:   � HYPERLINK "http://www.brc.tamus.edu/swat/" ��http://www.brc.tamus.edu/swat/� (free)�HEC-HMS:   � HYPERLINK "http://www.hec.usace.army.mil/" ��http://www.hec.usace.army.mil/� (free)�USGS MMS-PRMS:   � HYPERLINK "http://wwwbrr.cr.usgs.gov/projects/SW_precip_runoff/mms/" ��http://wwwbrr.cr.usgs.gov/projects/SW_precip_runoff/mms/� (free)�MIKE-SHE:   � HYPERLINK "http://www.dhisoftware.com/mikeshe/" ��http://www.dhisoftware.com/mikeshe/��HYMOS:   � HYPERLINK "http://www.wldelft.nl/soft/hymos/int/index.html" ��http://www.wldelft.nl/soft/hymos/int/index.html�


Hydraulic Simulation


HEC-RAS:   � HYPERLINK "http://www.hec.usace.army.mil/software/hec-ras/" ��http://www.hec.usace.army.mil/software/hec-ras/� (free)�MIKE21:   � HYPERLINK "http://www.dhisoftware.com/" ��http://www.dhisoftware.com/��Delft3d:   � HYPERLINK "http://www.wldelft.nl/soft/intro/" ��http://www.wldelft.nl/soft/intro/�


Water Resource Management Models (planning and operation)


WEAP21:   �HYPERLINK "http://www.weap21.org/"��http://www.weap21.org� (free for developing countries and includes an imbedded hydrology module)�Aquarius:   � HYPERLINK "http://www.fs.fed.us/rm/value/aquariusdwnld.html" ��http://www.fs.fed.us/rm/value/aquariusdwnld.html� (free)�RIBASIM:   � HYPERLINK "http://www.wldelft.nl/soft/ribasim/" ��http://www.wldelft.nl/soft/ribasim/��MIKE BASIN:   � HYPERLINK "http://www.dhisoftware.com/mikebasin/Download/" ��http://www.dhisoftware.com/mikebasin/Download/��HEC-ResSim:   � HYPERLINK "http://www.hec.usace.army.mil/software/hec-ressim/hecressim-hecressim.htm" ��http://www.hec.usace.army.mil/software/hec-ressim/hecressim-hecressim.htm� (free)








Box 6.2.  Demand and supply data sources.


Climate change and water demand data:   � HYPERLINK "http://www.sei.se/oxford/ccdew/index.html" ��http://www.sei.se/oxford/ccdew/index.html�


Climate data for Africa:   � HYPERLINK "http://www.mara.org.za/climatecd/info.htm" ��http://www.mara.org.za/climatecd/info.htm�, � HYPERLINK "http://www.ncdc.noaa.gov/oa/ncdc.html" ��http://www.ncdc.noaa.gov/oa/ncdc.html�


Hydrology data:   � HYPERLINK "http://www.dwaf.gov.za/hydrology/" ��http://www.dwaf.gov.za/hydrology/�


Geographical Information System (GIS) data:   � HYPERLINK "http://www.sahims.net/gis/" ��http://www.sahims.net/gis/� and � HYPERLINK "http://www.nsif.org.za/" ��http://www.nsif.org.za/�
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