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1.1.1 Water- Water Quality Scenario

Currently under development by Will Pozzi and team
 Targeted or Supported Community 

1.1.1.1.1 Riparian owners, state natural resources agencies, US Department of Interior Geological Survey (in the case of the USA)(nutrient and flow data) and US Environmental Protection Agency (in the case of USA). County extension agents, lake association.  Users who can access visualized products from the portal on the world wide web.
· The objective of the scenario is to assist decision making in the Water Societal Benefit Area and provide information for the benefit of the public on water quality. Collecting in situ observations of water quality, the geochemical constituents of waterways, and the physical processes of freshwater continental drainage is labor-intensive and generates huge amount of data.  Unlike other areas, such as drought forecasting, which rely on relatively mature meteorological and climatological practices,  utilization of space-borne satellite observations to complement in situ observations is in its infancy (coastal, satellite-based water quality techniques have been developed for a longer period of time, including harmful algal blooms and coral reef protection). 

1.1.1.2 Context and pre-conditions

1.1.1.2.1 Actors

1.1.1.2.2 Riparian owners, state natural resources agency, US Department of Interior Geological Survey (in the case of the USA)(nutrient and flow data) and US Environmental Protection Agency (in the case of USA). County extension, lake association
1.1.1.2.3 Information Assumed to be Available 

National environmental protection agencies systematically collect multiple chemical composition and streamflow data within their jurisdictions.
1.1.1.2.4 Processing and Collaboration Functionality Needed

Within the USA, the National Aeronautics and Space Administration (NASA) has only recently begun funding projects to develop water quality space applications (excepting open ocean and coastal ocean applications, which are a more mature technology).
Nutrient transport algorithms are now being included in some global water transport models (such as WBM/WTM), which have daily time steps.   At the same time, nutrient models are being coupled with carbon models within land surface models (although such land surface models do not carry out water routing, except in specialized cases of post-processing).  These techniques identify source strength for such nutrient concentrations which are then added to river networks.  

Improved information infrastructure and cyberinfrastructure are required to integrate the huge numbers of data hubs and data holdings existing among innumerable national environmental protection agencies, as satellite observations become increasingly blended with these in situ observations in the future.

Scenario Description

1. First Water Quality Scenario

A policy maker within a state or national environmental protection organization is charged with responsibility in preparing a report on progress having been made during the current year towards targeted restoration of a coastal bay or large lake, including:

A. Water Quality

1. Dissolved oxygen

The targeted objective is 100% tidal tributary and bay compliance with Clean Water Act standards (in the case of the USA)(for dissolved oxygen).  Decomposition of algae requires oxidation, depleting the dissolved oxygen supply, lowering dissolved oxygen concentration, so that dissolved oxygen provides an important indicator of nutrient loading.

2. Mid-channel water clarity

High water clarity (as measured by the depth to which a Secchi disk is visible) allows normal growth of submerged aquatic vegetation (SAV), such as underwater grasses, along with the growth of coral in coastal ocean, providing a habitat protecting juvenile fish from predators during a critical life stage in their development.

High overflow events (and flow of point source and non-point source agricultural runoff t the coastal bay or lake) carry nutrients, such as nitrate and phosphate, stimulating algal growth, which decreases water clarity; 

The decision maker can mix satellite-based information on water clarity from Landsat and MODIS satellite imagery, and the upcoming NASA hyperspectral HyspIRI mission with in situ ship-borne Secchi disk measurement.  The satellite-based information (on water clarity) can be combined with complementary information on high overflow events, such as river gauging data, NOAA Stage 4 radar data for precipitation, while MODIS snow cover data for high elevation mountainous areas can provide more continuous snow cover information with point Snow Telemetry snow depth data (on groundwater recharge or snowmelt runoff additions to river baseflow.   The overflow in sit data can be added to tidal buoy data (as captured in a sensor web) to provide a more near-real-time representation (including visualization) of conditions within the bay.

3. Chlorophyl-a

4. Chemical contaminants

B. Habitat and Lower Trophic-Benthic Community

1. Benthic index of Biotic Integrity

Area-weighted indicators are heavily influenced by conditions in the larger mesohaline or polyhaline segments of the bay, which have better conditions than the low salinity segments.

2. Phytoplankton

3. Submerged Aquatic Vegetation (SAV) abundance

Aerial photography can be used to quantify rates of re-growth or loss of SAV in shallower coastal water, fringing the bay.

C. A Total Maximum Daily Load (TMDL) for the entire coastal bay or lake water body, for example, can be represented as a combination of 92 smaller TMDLs for individual tidal segments (these numbers are based upon a Chesapeake Bay USA example).

D. Historic land use information may be sparse (or labor-intensive to assemble), but Landsat and other satellite imagery along with required processing software can be used to quantify both current and past land use changes over time in the watershed.  
E. Area water managers are gauging the progress of the coastal bay or lake in meeting its restoration goal.  In addition to these simple measures identified above, environmental protection agents also utilize watershed models to examine relative sources of (point and non-point) nutrient contributions to the lake. Where  point pollution sources may be lacking in the watershed, various nonpoint sources contribute excess nutrients via fertilizers in agricultural land use. Landsat and MODIS can provide information on changes in land use which may improve the representation of forcings in a distributed or semi-distributed model.  A properly calibrated model will help managers determine relative sources, timing of inputs and the most cost-effective strategies to reduce nutrients.  
F. A virtual observatory contains tools to overcome semantic heterogeneity found within the differing schemas employed by EPA and US Geological Survey, along with multiple state-collected data.  The ontology-enabled tools combine data which may be classified differently in different data centers and data hubs.    
The combination of multiple sources of information—including visualized information accessible through the portal—decreases the labor required to prepare the progress report on progress made towards restoration of the coastal bay (or other water body). The visualization can be more rapidly updated during the course of the year, allowing state government officials and the public to participate in restoration over shorter time scales than the yearly time scale over which formal reports on progress towards reaching restoration goals are published.

Conditions may include protecting members of the public utilizing the beaches, fringing a coastal bay.  

The first scenario is focused on a single water body and its surrounding watershed to the water divide.  Another case may be a visualization of water quality conditions in a river network, so that communities downstream can be easily contacted in the case of a chemical spill into the waterway or poor stream aeration and conditions affecting fish kills.

2. Second Water Quality Scenario

An water manager or an official in a public health agency (a decision maker) has the responsibility of issuing alerts warning the public, as during extreme precipitation events (flooding), when the aging, leaking storm drain infrastructure capacity of a city is exceeded, resulting in flooding of waters, including sewage, into flood waters filling city streets, to which the public will be exposed.  A range of such conditions are found in Midwest USA, Louisiana in the USA, Europe, monsoon India, China, Taiwan, and elsewhere.
. 

.  

3. Third Water Quality Scenario.

A policy maker manages a decision support system which sends alerts to the academic marine science community to dispatch university marine scientists to investigate conditions of possible coral reef bleaching.  This system is automated, and is based upon processing input data, such as high-resolution sea surface temperature (SST), wind from buoys, downwelling solar radiation from satellite and buoys, and Photosynthetic Active Radiation (PAR) from satellite (and buoy), combined with decision rules which mimic the threshold beyond which email alerts are triggered.  For example, the US National Oceanic and Atmospheric Administration (NOAA) Integrated Coral Observing Network (ICON) is such a system.  

4. Fourth Water Quality Scenario: Environmental Flow Requirement

I. In addition to anthropogenic water uses (such as agriculture and power generation), water is also required to maintain the normal functioning of ecosystem services, maintaining high biodiversity. For example, water will be withdrawn by root systems of riparian vegetation or wetland vegetation.  At the same time, besides the water directly consumed in evapotranspiration of natural land cover (and maintenance of soil fauna), water is required to sustain fish migration and to provide certain habitats during low flow and flood conditions.  This “allocated use” of the environment constitutes “environmental flow requirement.”

II. Any decision maker who is reconciling water scarcity and water availability against water uses must include water required to maintain high biodiversity, as well as water required for other anthropogenic uses and the other societal benefit areas.  

1.1.1.2.5 Scenario Events

Could be a table, a narrative, a sequence diagram, etc. 

1.1.1.3 Enterprise Model 

Include here any enterprise models that capture the components and interactions among the diverse set of users/actors. 

1.1.1.4 References

Include any links to other GEO tasks or external projects/initiatives in addition to references
1.1.2 Water- Drought Scenario

1.1.2.1 Targeted or Supported Community

· Targeted and supported community includes water planners, drought management agencies, and members of the public who wish to find out information on their water supplies, with such information being provided through the portal and through targeted cell phone alerts during emergencies

· The objectives include development of Global Drought Early Warning System capability, permitting users to visualize the impacts of drought and drought forecasts, including the role of water on famine and the cross-cutting societal benefit area of sustainable agriculture.

1.1.2.2 Context and pre-conditions

1.1.2.2.1 Actors

1. End use decision maker at the local and state level, having the jurisdictional authority to authorize the rationing of water;

2. A utility who has the authority to set ceilings on water use;

3. Emergency support personnel who have the financial resources to authorize emergency delivery of food stuffs to a community suffering from catastrophic famine due to drought.

1.1.2.2.2 Information Assumed to be Available 

1. Distributed information on accumulation of snowpack during the winter season (where mountainous terrain or high latitude locations are found), during the winter season and snowmelt-recharge to the unsaturated vadose zone of the soil—part of the process of supplying water during the early spring season, when surface temperatures and surface evaporation rates are lower, permitting accumulation of water to take place.

2. Distributed, high-resolution information on precipitation, as determined by multiple observables, including radar (such as Doppler radar), rain gage network, and satellite-monitored precipitation

3. Synoptic station measurements of wind speed within the planetary boundary layer (at anemometer level), air temperature, atmospheric humidity, incoming solar radiation, and measured terrestrial (infra-red) radiation are required to estimate: 1) evapotranspiration from Land Surface Models; or 2) sensible heat flux (and soil storage flux), so that evapotranspiration may be derived as a residual from the surface net energy equation, using satellite observations of radiation budget components.  Much of this information is provided by the US National Oceanic and Atmospheric Administration (NOAA) National Center for Environmental Prediction (NCEP) models or the European Union European Community Medium Range Forecasting modeling suite. 

4.  Groundwater observations are also required, to ascertain whether groundwater supplies may compensate for surface water scarcity and drought (on agricultural crop production and other water uses).

5. This information has to be spatially of sufficiently high enough density to be useful at application scales and permit reliable estimation of water supply (and reduce uncertainties in estimating the water budget).

6. Additional required information: water surface elevation of reservoirs and lakes and rivers (including discharge of rivers)

7. Reliable estimation of water usage and consumption is required so that the consumption of water can be compared against supply using tools.

8. Reliable monitoring of water usage and consumption through evapotranspiration by crops is required, at different rates for different types of crops and over different types of natural land cover (wetland, urban surfaces, desert, etc).  This requires high-resolution spatial data on agricultural acreage and crop type.  

9. Reliable knowledge of the population of farm animals, to account for water consumption by animals, including both direct consumption and water consumption growing crops fed to animals as foodstuffs or forage.

10. Accurate, high-resolution topography is required in order to model streamflow within a drainage basin, as provided by, for example HydroSHEDS or the Aster digital elevation model.

11. Most commonly used routing algorithms (such as the Muskingum method or the 1D St. Venant equation) are crude requiring that very high topography be resampled at a coarser resolution (dropping out details such as river meander bends).

12. A streamflow gauging network is required, such as the national Ministry of Water Resources or hydrometeorology authority, and the Global Runoff Data Center.

13. Seasonal forecasts are available from the NCEP Climate Forecasting System (CFS) or the European Union, from which estimates are made  on the prolongation or abatement of a drought, providing some additional lead time for mitigation measures to protect the population and water users.
1.1.2.2.3 Processing and Collaboration Functionality Needed

Some information is acquired and accumulated by national governments, such as the National Integrated Drought Information System (NIDIS), in the case of the USA, the Drought Management Center for Southeast Europe, the USA NASA/Goddard Global Land Data Assimilation System, NCEP drought monitor, the Australia Ministry of Water Resources, and multiple other organizations.

Some academic institutions also carry out regional (and some experimental global) drought forecasting, such as Princeton and the University of Washington in the USA.

Community Catalog for registering data and services

Community Portal for finding and accessing data and services needed for the execution of the scenario.

Additional functionality and facilities include tools for processing, analyzing, and visualizing observational and modeled data for near-real time (NRT), historical analysis (to derive soil moisture anomalies, for example), and for seasonal forecasting.

Real-time assimilation of observational data into numerical models (direct insertion or ensemble Kalman Filter) is carried out to improve forecasts in Land Surface models, including the US National Center for Atmospheric Research (NCAR) Community Land Model (CLM), the Noah land model, the Variable Infiltration Capacity (VIC) model, WBM/WTM, Matsiro-TRIP, JULES, etc.  

Effective mechanisms for distributing in NRT maps/images and alerts t emergency response and water management authorities, to mass media, and the general public.
1.1.2.3 Scenario Description
1. Drought indices are based upon meteorological drought, agricultural drought (soil moisture anomalies), and hydrologic drought (areas where snowmelt-runoff are important, as in the Western USA, parts of South America, Himalaya and Tibet meltwater production regions, and Central Asia).
2. Drought is determined as water scarcity from the amount of water (for example, snowfall  or incoming precipitation) customarily received. This must include “latency,” i.e., winter water storage as snowpack which melts and recharges soil in spring, affecting late spring and summer available water supplies. Soil Moisture anomalies provide one index of drought; soil moisture anomalies require long-term statistical distributions of Soil Moisture (SM).  These products are modeled data, created using multi-model ensembles run using 60 year to 100-year driving data (precipitation, temperature, etc) and stored as gridded statistical distribution data.   The modeled data are based upon observations of temperature and precipitation which are used as forcing variables with land surface models in order to estimate soil moisture within the limits of model error and observational errors. Models are used, because in situ observational data over a 50 year period or longer are temporally-coarse and spatially-coarse.  The produced modeled fields are spatially high-resolution and temporally high-resolution, but model errors introduce uncertainties.

3. There are four types of time scales on which different global drought forecasting systems may be based:

(1) “Nowcasting” system;

(2)  Short-term forecasting

(3)  Seasonal forecasting; and

(4)  Climate change forecasting.

Forecasts work by applying precipitation and meteorological forecast fields (such as temperature) to land surface models and hydrological models.

The seasonal forecast models may include forecast models, such as the USA NOAA NCEP CFS seasonal model or EU or Japanese seasonal forecast systems.  

The short-range forecasting systems may include as forecast components the USA NCEP Global Forecasting System or European Community Medium Range Forecasting model forecasts.

Forecast soil moisture conditions are produced from Land Surface Models or Hydrological Models (or a multi-model ensemble MME), and the forecast soil moisture can be compared with historical soil moisture for the same time of year to prepare a drought forecast.

4. A climate change forecast is made using Global Climate Models (General Circulation Models or GCMs), but the precipitation must be derived from cyclonic and convective precipitation estimated within the GCM, which is subject to considerable uncertainty.  There is also uncertainty regarding the accuracy of the ranges of IPCC scenarios.   Considerable progress is being made in Japan (and elsewhere) developing a new generation of 10 km (or finer) GCMs, which may alleviate the need for downscaling precipitation fields to application scales (i.e., agricultural scale) (although the convection parameterization problem remains).
5. A GEO global drought forecasting system might be based upon combining multiple regional drought forecasts.
6. Beyond two weeks, hydrological forecasts degrade rapidly.  This suggests segregating nowcasts and short-term forecasts from the longer range seasonal and climate change forecasts.  Obviously, the longer the lead time, the more time to prepare remedial efforts to mitigate drought or catastrophic crop failure.  

7. Satellite systems, such as the Soil Moisture and Ocean Salinity (SMO(S) and Soil Moisture Active and Passive (SMAP) provide the spatial coverage, encouraging the development of corroborative in situ soil moisture networks.  In addition to radar and microwave estimation of the upper soil column soil moisture,  SEBAL (Surface Energy Balance Algorithm), Simplified Surface Energy Budget (SSEB), ALEXI, and dis-ALEXI data also estimate evapotranspiration from the entire root zone using satellite measured radiances from pixels derived from Landsat and MODIS imagery (but with errors using the surface energy balance equation and estimated sensible heat flux and soil heat fluxes).  The combination of evaporation of water by vegetation and measurement of water held in the upper soil column—when combined with land surface models—may reduce the errors accumulating in using the land surface models and meteorological data, by themselves. Such satellite-based information can be effectively applied in nowcasts or to provide data assimilation within short-term forecasts.

8. The policy officer uses all this combined information within the decision support system—possessing a user-friendly visualization-- to locate where water is geographically scarce, so that remedial efforts may be launched and initiated in a timely fashion, if warranted.  Susceptibility is a critical factor determining drought vulnerability.  This requires household data (organization such as Oxfam, Red Cross and Red Crescent, US-AID, etc) on the ability of households in the region to survive drought (along with the resources of the household in providing ability to substitute foods, given local crop failures due to drought).  
9. Research staff who assist the policy officer are tasked to map the intensity and spatial extent of the incipient drought—as displayed in the high-resolution distribution of soil moisture, indicating severity, area, and duration.
10. These preceding steps produce a data product that can be displayed using a geographic information system—a visualized product—such as  high-resolution maps of soil moisture anomalies.
11. The gridded soil moisture data—in nowcasts and short-term forecasts—is compared with high-resolution distributed crop distribution and crop type data, which is maintained by the GEO Global Agricultural Monitoring System (and other organizations), and this crop acreage and crop type information is updated with crop vitality data from satellite systems, such as fused Landsat-MODIS data.   

12. Crop vitality information is derived by comparing the current condition of the crop with the previous states of the crop at the same time of growing season.  
13. An agricultural production estimate per pixel (as partly determined by Landsat-MODIS fused data)(kg per square meter) may be divided by crop water use(cubic meters of water per square meter) to derive water productivity (kg of crop per cubic meter of water). Such a Agricultural Water Productivity Mapping system will display where water use is wasteful or where particular crops (such as biofuels) are wasteful for purposes of conserving water. The agricultural drought system (and the Agricultural Water Productivity Mapping system) is a nowcasting system or a short-range forecasting system.
14. Assessment of drought requires a surface water appraisal and a groundwater appraisal. Agricultural areas of declining soil moisture may be sustained by surface irrigation canals drawn from tanks or rivers or reservoirs or sustained by wells appropriating groundwater. Models employed by the national meteorological services, such as NOAA National Weather Service Community Hydrologic Prediction Service Flooding Early Warning System (FEWS) and MIKE provide, along with models such as VIC and WBM/WTM and Matsiro-TRIP, some estimates of surface water availability.  Areas where snowmelt-runoff are important may also use the Surface Water Supply Index as a drought indicator.  Post-processing routing of land surface models is also possible also provide estimates of surface water imports. In addition to these surface water models, ground water models, combined with groundwater table measurements, have to be consulted, such as MODFLOW. 
15. Gridded site information (for example, station data) is cross-listed with the water cycle ontology and the agricultural ontology and the geographical ontologies, reducing the semantic heterogeneity found among multiple countries and sites, following the practices of the Asian Water Cycle Initiative and the East Asia water cycle community of practice.

16. Web services,  such as an upgraded version of WaterML, can update catalog data and station data, such as the time series of point streamflow property data, including the data contained within the Global Terrestrial Network on Hydrology global data sets, such as Global Runoff Data Center and International Ground Water Resources Assessment Center, supplemented by additional data to close the inputs required by models.  The virtual observatory reduces semantic heterogeneity which complicates data integration.
17. The surface water models (used for surface water assessment) include modules within their code (“frameworks”) that automate the process of calling web services to update model user variables, including the use of ontologies. These ontologies will be registered with the GEO geophysical variable ontologies and geographical ontologies.
18. The officer preparing a drought forecast or a drought alert may integrate different drought forecasts or may choose different systems to produce multiple lines of evidence for synopsis and prediction
19. Based on this assessment, the policy officer will provide stakeholders with advice on possible mitigation strategies, which are based upon the combination of severity, area, duration, and susceptibility, for which the extreme case is water rationing or famine relief.  Triggers are based on thresholds that are used to send automated email alerts (or cell phone alerts) to listed decision making bodies, such as NIDIS and the Drought Center for Southeast Europe, etc., 
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An Example of a Global Drought Prediction System (Wood, Luo, Sheffield, and Li 2010)

1.1.2.3.1 Scenario Events

Could be a table, a narrative, a sequence diagram, etc. 

1.1.2.4 Enterprise Model 

Include here any enterprise models that capture the components and interactions among the diverse set of users/actors. 

1.1.2.5 References

GEO Task WA-06-02: Droughts, Floods and Water Resource Management includes a) Forecasting and Early Warning Systems for Droughts and Floods and b) Impacts from Drought to improve forecasting methods for extreme events (floods, droughts) used by hydrological services throughout the world, helping bridge the gap between research and user communities, while expanding upon regional initiatives to establish a Global Drought Early Warning Systems(s) (GDEWS). Track and analyze impacts from drought (including feedbacks such as soil drying) to provide a tangible and practical demonstration of the value of integrated water cycle observations. Develop a full and operational data cycle of environmental information from “producer-to-consumer”/“source to sink,” and explore the application of data products to Water and Agriculture, developing tools to access the various data collections and undertake data integration work over the Internet.
1.1.3 Water – Extreme Precipitation Scenario

Climate change affects the warming and acidification of the global ocean. It influences the Earth’s surface temperature, the amount, timing and intensity of precipitation, including storms and droughts [Global Environment Outlook-4 (GEO-4), UNEP, 2007]. Studies show that the risk of extreme precipitation due to global warming is substantially greater than estimated in current climate models and that the situation is even graver. 
1.1.3.1 Targeted or Supported Community
Describe here 

· The community supported by the scenario(s) (including the targeted end-user)

· Objectives of the scenario(s) (e.g. specific decisions to be made, etc)

In spite of the fact that all of us realize that extreme precipitation indeed happens, countries invaded by extreme precipitation event still need to know the causes and trends in order to make decisions affecting them.  Extreme precipitation events do not follow any artificial or administrative boundaries. For that reason, they often require regional and global cooperation to gain a full understanding of the event and its impacts.  

This scenario depicts how earth observations and standard-based technologies could be used to inform a wide spectrum of extreme precipitation decision-making or research. The scenario involves three actors.
1.      Service providers, who provide frequency, location, intensity, disaster of extreme precipitation locally.

2.      GEOSS integrators, who are the software and service integrator, have ability to discover various services and bind them to their specific software.

3.      GEOSS users, who are the researchers, governmental officers, can manipulate software which is developed by GEOSS integrator to do the research of extreme precipitation event.


To fully understand and assess the impacts of a local extreme precipitation event, GEOSS integrators can discover, via the GEO Portal, precipitation services provided by various organizations, and other supplementary services (including those used/provided by other SBAs). The GEOSS integrator then proceeds to integrate and orchestrate the discovered services, and provide the extreme precipitation event information to other GEOSS users via client software registered in the CGI. 
1.1.3.2 Context and pre-conditions

1.1.3.2.1 Actors

Decision maker, types of agencies, information providers, mediators, etc

1.1.3.2.2 Information Assumed to be Available 

List information assumed to be available for use in the scenario 

Identify any gaps if known
1.1.3.2.3 Processing and Collaboration Functionality Needed

Describe any specific processing & collaboration functionality needed in the scenario
1.1.3.3 Scenario Description
If you have more than one scenario, add another section and number the scenarios.  

1.1.3.3.1 Scenario Events

Could be a table, a narrative, a sequence diagram, etc. 

1.1.3.4 Enterprise Model 

Include here any enterprise models that capture the components and interactions among the diverse set of users/actors. 

1.1.3.5 References

Include any links to other GEO tasks or external projects/initiatives in addition to references
