VISUALIZATION OF WATER QUALITY DATA AND PHYSICAL PROCESSES IN STREAMS AND RESERVOIRS USING GIS
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ABSTRACT 

For the past ten years the Division of Water Quality and Control (DWQC), New York City Department of Environmental Protection, New York City has collected large quantity of various data to assist in watershed protection and management. Planners and managers use this data to develop watershed protection strategies or to implement new regulations. Depending on data complexity their presentation requires special design of the visual display and symbolization. Geographic Information Systems (GIS) data were combined with special visualization software to create a wide range of applications for data visualization.


Collected data can be grouped into three categories: monitoring data, modeling data and integrated (remote sensing and GIS) data. These categories require different visualization schemes and methods. A visualization scheme includes symbol assignment, data representation and final animation or cartographic map. Visualization methods include software type, algorithm and output format of the final visual product. Each data category requires a specific visualization scheme and method, depending on the final goal of visualization. For example, monitoring data on stream turbidity requires a different visualization scheme than similar data collected on reservoirs. 

The DWQC GIS Group developed several visualization schemes for each category of available data. These schemes use standard methods, including traditional GIS software (i.e. ARCVIEW and ARCINFO), special three-dimensional visualization software (IBM Data Explorer) and spreadsheets (EXCEL). For some visualization schemes custom-based software was written using Visual Basic. 

VISUALIZATION OF MONITORING DATA

Limnological Data

Limnological data consist of parameters, collected in reservoirs or lakes to describe physical or chemical processes within the water body. One of the specific features of limnological data is their three dimensional character. Limnological data are collected along vertical profiles from the top of the water surface. Most common measured parameters include temperature, dissolved oxygen, turbidity and color. Sometimes samples are taken along equal intervals, i.e. every meter of the depth and sometimes they are taken discretely at various depths. A visualization scheme for limnological applications includes 3D representation of the reservoir outline, sampling stations along vertical profiles and a color scale bar to identify values of measured parameters. Figure 1 shows an example of a visualization frame for one date displaying temperature distribution along vertical profiles in the reservoir.  The visualization method used in this application was based on IBM Data Explorer visualization software.
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      Figure 1. Visualization of limnological data collected along vertical profiles in 

             Kensico Reservoir.

Unlike most GIS packages, this specific software allowed us to browse through the time series of collected data and create animation consisting of many visual frames in a format that can be used by a manager or other non-technical person with web browser or movie playing software. The ability of the software to “rotate” visual scene allows selection of the best suitable angle for simultaneous viewing of sampling stations and values of collected data along vertical profiles. Figure 2 shows another example of similar visual composition. This frame displays turbidity distribution in one of the New York City water supply reservoirs. This visualization scheme includes the display of turbidity measurements with different symbol size and color, dependent on turbidity value. It also includes temperature gradation shown in a different color.  This frame is a part of a multi-frame animation.
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Figure 2. Visualization of turbidity distribution in Schoharie reservoir.


Visualization schemes provide better insight into the studied phenomenon behavior than regular graphs and plots. For example, the visualization of turbidity distribution on Figure 2 shows that the higher turbidity values occur in the middle part of the water body of the reservoir, while lower values of turbidity are associated with the upper part of the water surface. Browsing through the animated series allows scientists to make plans for additional sampling or managers to make recommendations on turbidity treatment.

Hydrologic Data.


Hydrologic data are data collected on streams and rivers to describe physical and chemical parameters related to water quality and quantity. This data is gathered across large areas during long time periods. DWQC has time-series of hydrologic data collected during the last two decades of the twentieth century. These data are organized and available for visualization. A visualization scheme for this purpose consists of sampling site locations and a background digital raster map, showing auxiliary features such as town names, roads and mountains. The user has the ability to connect a chosen data set with the visualization scheme and display it. The customized query function allows three types of query: global, local and time-series. Global query informs the user about general statistics for the whole data set. Local query provides statistical information for a specific point. Time-series query allows the user to visualize any parameter of hydrologic data for a specified time interval for a selected sampling site.  Figure 3 shows an example of  visualization application and time-series plot for selected sampling site.
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Reservoir Modeling


Reservoir models are being developed in DWQC to provide users with information about pollutants moving through the reservoir water body regarding pollution concentration and travel time. One of the most typical modeling tasks is a prediction of turbidity concentration between the stream outlet and intake into the aqueduct and distribution system. Because turbidity concentration varies with time and distance between the stream outlet and intake, it has to be modeled in two or three dimensions. Regardless of the model type, the volume of the water in the reservoir plays the most important role in the modeling exercise, because it allows estimation of the residence time of pollutants, including turbidity as well as other parameters.  For non-linear equations, describing dynamics of pollution within the water body reservoir volume has to be separated into horizontal layers and vertical segments (Figure 4).  This makes the use of the finite element methods for simulation much easier. Using this visualization scheme modelers can identify each segment of the reservoir and view its vertical structure as well as it’s surface area and volume prior to the modeling exercise.
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Figure 4. Visualization of the reservoir volumes for the model input.

Using the GIS technique, the reservoir was broken into segments. Then specific calculations were done for each segment. These calculations provided modelers with the surface area and volume for each meter of the depth for each segment within the reservoir. Reservoir segmentation and a selected vertical profile of the segment is depicted on Figure 4.  After the simulation model produced results for each segment. Figure 5 shows a vertical distribution of the temperature within a segment. 
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     Figure 5. Visualization of the model output (temperature distribution).


Visualization techniques that were used to visualize data input and output for the reservoir modeling included customized visualization schemes and methods developed with Visual Basic tools. They were developed specifically for the reservoir model, but the concept of visualization can be used for any similar purpose using other software development tools.

Hydrologic Modeling


The purpose of hydrologic modeling is flow prediction for various conditions and time, i.e. storm events, base flow, annual discharge, etc. While most of the input and output data are generally visualized via GIS based maps and common linear graphs, one specific variable – contributing area is rarely visualized, though it is very critical for the risk assessment of pollution entering a stream channel during storm events. The expansion of contributing area around stream channel depends on storm duration and quantity of precipitation. Therefore, under certain conditions, point source pollution may enter or may not enter the stream channel. Since location of the point source pollution can be geographically attributed, it would be practical to display “growth” of contributing areas in geographic space also to allow overlay of point source pollution and contributing area for specific time step during modeling. This overlay would answer the question whether pollution will reach the stream channel at a specific time or not.  Potentially, this idea can be used to simulate pollutograph behavior. 

Figure 6 shows how the GIS based hydrologic modeling can provide the user with an animated sequence of the  “growing” contributing areas. The red dot indicates outlet of the sub-basin and cyan polygon next to it shows the contributing area for the specific stream segment next to the outlet. The white area around the stream channel shows the size of the contributing area that provided the surface runoff to the stream channel above the cyan polygon.
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  Figure 6. Visualization of contributing areas for three time steps of storm event model.

[image: image12.wmf]Data from site:  P-50

0

10

20

30

40

50

60

70

1/9/95

5/23/96

10/5/97

2/17/99

7/1/00

11/13/01

Collection dates

Turbidity (NTU)

The visualization scheme for the model consisted of a stream channel represented by linear network and terrain, represented as spatial matrix consisting of hydrologic response units (HRU). HRUs have triangular shapes because of their main component – triangulation irregular network (TIN). More detailed information about the modeling method can be found in (Gorokhovich et. al., 2000). Figure 7 represents a three-dimensional rendering of the terrain and stream network that was used in the modeling exercise. 

Figure 7. Three-dimensional rendering of the terrain for hydrologic modeling

As can be seen from Figure 7, the right side of the watershed basin is much steeper than the left side. Therefore the contributing area is much wider on the left side and narrower on the right side (Figure 6). This demonstrates the fact that contributing areas expand faster along steep slopes. Both visual products compliment each other and provide a useful basis for modelers to understand modeling procedures and results. The visualization method included custom-based applications, developed using ARCINFO and ARCVIEW GIS software.

VISUALIZATION OF THE INTEGRATED DATA (GIS AND REMOTE SENSING)


Recently, color infrared and black-and-white ortho-photography provided excellent media for display of general geographic area as a background for maps. While the purpose of the map might have a specific idea or target, the background provides less important information about the geographic settings that generally enhances the purpose of the map design. One of the problems map designers often encounter is a scale issue between two different data sets. Usually aerial photography has better resolution than typical GIS data. Therefore, an overlay of both can be time consuming and difficult task. Some adjustments are necessary to create a cartographically sound and useful product. Figure 8 shows an example of the map consisting of two elements: digital color infrared ortho-photography and bathymetric data, displayed with a hillshade effect.
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   Figure 8. Visualization of the reservoir bathymetry, combined with digital


          color infrared image. 

This visualization was done using ARCINFO and ARCVIEW software. The process of data adjustment included derivation of the shoreline of the reservoir from the digital ortho-photo and use of this boundary for the interpolation of bathymetric data. Image editing involved “masking” of the reservoir surface to display bridges and the shaft building on the top of bathymetric rendering. 

CONCLUSIONS

Watershed management and protection requires use of various data, ranging from measured parameters at sampling sites to simulated parameters from models. Because of their complexity and variability, successful understanding and intelligent use of data requires different types of visualization schemes and methods. There is no one method or scheme that can accommodate all possible needs. Therefore, various tools and schemes have to be developed for specific applications. 

Three main components can be identified for successful visualization: GIS data and software, special visualization software and access to the database. GIS provides all necessary information about geographic location of visualized features and their relationship. Visualization software provides more advance symbolization and ability to work effectively with time-series. Access to the database of measured parameters provides the basis for the whole application development.
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