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Introduction 

This project created a user-friendly geo-spatial water rights database for the Kittitas Valley, in 

Washington State.  The Kittitas Valley, part of the larger Yakima River Basin serves as a test-site for the 

integration of physiographic and water resource data in a user-friendly format.  This research was guided 

by two primary research questions: 1) Can a “user friendly” and publically available Water Rights 

Decision Support System (WRDSS) improve individual water resource decisions, and, 2) Will a WRDSS 

result in an environment that could lead to increase in water reallocations?  Results indicate a strong 

recognition that demand for water exceeds available supply, and that making water rights data available 

could influence water use and allocation.   

 

Origins 

Geo-spatial catalogs of water rights data are not new, several WRDSS systems have been developed by 

state entities (Table 1). Geospatial Databases are being created for a multitude of land-management 

purposes including wildfire and fuels management (Schmidt et al, 2002).  These systems vary in their 

scope, and exist, largely in Geographic Information Systems (GIS) formats that are not useable without 

proprietary software and specialized knowledge.  This project attempted to mimic the functionality of 

existing geo-spatial catalogs or WRDSS and provide these data in an open-access, web-based, user-

friendly format.  Within the context of GIS literature is an immerging recognition of the need to 

disseminate geo-spatial information in a user-friendly format, also dubbed ‘participatory GIS’ (Corbett 

and Keller, 2006).  This will allow those with vested interests in water management to access and query 



information without the need for specialized GIS training (Streeter, 1988). This project blended the full-

functionality of a water rights decision support system (multi-scaled maps, simultaneous display of 

multiple thematic maps, data tables, and data query functions) with the user-friendliness of a web-

browser interface.      

 

  



Table 1: Select Geo-spatial Water Rights Information 

State Entity 

Created/Data 

Admin 

Data Shown (if not 

displayed on map viewer 

than downloadable) 

Water Rights Homepage 

URL 

AK AK Department of 

Natural 

Resources 

water rights (surface, 

subsurface, instream), 

hydrography  

http://dnr.alaska.gov/mlw/

water/wrfact.htm 

AZ AR Department of 

Water Resources 

devices, wells, watershed, 

groundwater basin/subbasin 

https://gisweb.azwater.gov/

waterresourcedata/ 

CA CA 

Environmental 

Protection 

Agency - Division 

of Water Rights 

Water Rights, points of 

diversion, watersheds, water 

bodies/streams, hydrography 

http://www.waterboards.ca.

gov/waterrights/ 

CO CO Division of 

Water Resources 

climate, gages, diversions, 

well applications, water 

bodies, land use 

http://water.state.co.us/Ho

me/Pages/default.aspx 

ID Idaho 

Department of 

Water Resources 

gaging stations, groundwater, 

regulatory areas, irrigation, 

public water supply, water 

rights (places of use and 

diversion), wells  

http://www.idwr.idaho.gov/

WaterManagement/default.h

tm 

NE NE Department of 

Natural 

Resources 

Registered Wells, Water 

Divisions, Flood Zones, 

Hydologic Units 

http://www.dnr.state.ne.us/ 

NV State of Nevada 

Division of Water 

Resources 

Hydrology, POD's, Wells, 

Basins 

http://water.nv.gov/ 

OR OR Water 

Resources 

Department 

water rights, ground water, 

watermaster districts, water 

availability basins, gages 

http://www.wrd.state.or.us/ 

SD SD Department of 

Environment & 

Natural 

Resources 

well locations, surface water 

discharge, stream gages, 

rivers, lakes, flood zones  

http://denr.sd.gov/des/wr/

wr.aspx 

UT Utah Division of 

Water Rights 

municipla water suppliers, 

points of diversion, dams, 

irrigated acreage, stream 

alteration 

http://www.waterrights.uta

h.gov/ 

WA WA Department 

of Ecology 

Devices, Application, 

Certificate, Permit, Claim, 

Gauging Stations 

http://www.ecy.wa.gov/pro

grams/wr/wrhome.html 

WY WY State 

Engineer's Office 

Water rights (surface and 

ground) 

http://seo.state.wy.us/index.

aspx 

 
 



Yakima Adjudication 

Prior Appropriations water rights are correlative rights, meaning the utility of one right is a function of 

the attributes of surrounding rights, so sound decisions regarding water use are predicated on an 

understanding of the other uses of water within the watershed (Gould, 1988).  The Yakima River Basin 

(YRB) located in central Washington State is one of the few major river basins in the western United 

States that has undergone full water rights adjudication, a process that determines the volumetric extent 

and temporal priority of all water rights (Ottem, 2006).  Adjudications are protracted, expensive 

undertakings, but they provide substantive utility to water managers providing clear data on individual 

water rights.  Unfortunately, with the disparate locations in which water is used, data associated with 

individual rights lacks context—for example the place of use’s proximity to a watercourse or to other 

water rights (Gould, 1988).       

 

This project developed a pilot online geospatial Decision Support System (DSS) of water rights and their 

associated attributes for a rural area of the YRB.  Colorado’s Department of Water Resources (2009) 

maintains a DSS, providing graphical display of spatial data related to surface water availability, water 

resource infrastructure such as dams and canals, and well locations.  Development of a geospatial 

database would provide stakeholders in the YRB the ability to access spatially-referenced information 

about water rights, river gages, groundwater data, or data on entire stream reaches.  Such data allows for 

more informed water management decisions.  A geospatial DSS would also provide graphical display of 

the linkage between water use and rural land-use patterns.       

 

Creation of a spatial database: 

In summer of 2010, datasets were obtained from public sources, including the U.S. Bureau of 

Reclamation, Kittitas Reclamation District, Washington State Department of Ecology,       (Table 2). These 

datasets included stream gage information, reservoir levels, land-use data, canal locations, and well data, 

salmon habitat, and river return-flow locations. Because of the issuance of the conditional final decree for 

the water rights in the basin, it is important to place the caveat that the specific water rights data in this 

database is still in draft form (WA Department of Ecology, 2011).  Nonetheless, it was possible, using 

these conditional final orders, to construct, at the land parcel level, a spatial representation of the water 

rights in the Kittitas Valley. 

 



Table 2: Sources and Data Included within the WRDSS 

Dataset Source Format 

Devices WA Dept of Ecology Shapefile 

Turn-outs Kittitas Reclamation 

District 

Shapefile 

Water delivery systems Kittitas Reclamation 

District 

Shapefile 

Hydrology Stations US Bureau of Reclamation Shapefile 

Recently blocked/unblock habitat Yakima Basin Fish and 

Wildlife Recovery Board 

Shapefile 

Rivers WA Dept of Natural 

Resources 

Shapefile 

Storage reservoirs US Bureau of Reclamation  Shapefile 

Township-Range-Section WA Dept of Natural 

Resources 

Shapefile 

Water rights places of use WA Dept of Ecology Geodatabase 

Sub-basins WA Dept of Ecology Shapefile 

Basemap Google Maps Shapefile 

 

The collected layers where first trimmed and clipped to cover just the Kittitas Valley, and to the area of 

interest using tools available in ArcGIS Desktop.  Once layers were ready for use, they were imported into 

a PostgreSQL database, an open source spatial database system, much like a Microsoft Access database.  

Once in PostgreSQL, the data was manipulated to make the data more user-friendly: data columns were 

manipulated as well as attribute values (i.e. to get attribute code values into their descriptive values). 

 

Creation of a User interface: 

Once a spatial database was created, the next main step was to create a user interface to view the data.  

First the data was imported into Geoserver, a java-based software server that displays spatial 

information and allows users to edit the data.  Once the layers were created in Geoserver, they were 

edited for display styles. 

In order to display the Geoserver layers over a user interface, in the case of this project a web-interface 

with Google maps, OpenLayers, a java script library that is used for displaying map data in web browsers 

was used. 

For the map of the user interface, Google Maps were used with OpenLayers displaying the Geoserver data 

from the original PostgreSQL database.  Javascript and html were used for styling the web interface along 

with the help from the GeoExt java library. 

The search forum on the user interface is done using php.  The php searched the PostreSQL database and 

a php function is used to center the map on the location that a users clicks on in the search results. 

The rest of the functions on the web interface were done with JavaScript writing such as the pop-ups, 

layer list, and zooming/panning functions.  The GeoExt JavaScript library was used to assist with the 



functions and looks.  The result of these efforts was to create a series of check boxes allowing users to add 

or subtract data layers, along with the ability to query data.  Figure 1 shows the check boxes in the left 

column and the search function in the right column.   

 

 

Figure 1: The Homepage for the Kittitas Valley WRDSS  

The Database Information 

The database utilizes a series of pop-up windows to provide the user with additional information for 

individual items within the WRDSS.  For example, Figure X shows a pop-up displaying information about 

a sub-basin, or sub-watershed within the WRDSS.  Pop-ups are available for each data layer displayed in 

the left column.  Each of these pop-ups contains metadata, explaining the source of the data and other key 

information about the data displayed.  When looking at the interface users will see a view panel on each 

side of a large Google Map (Figure 2).  In the left hand panel users will have the options to turn on and off 

layers as well as click on buttons which launch javascript pop-up windows for layer metadata 

information, legend viewing, information about the site and layers.  In the right hand panel users can 

search for features or attributes that they wish to view and the results of the search are displayed under 



the search forum.  The search searches the PostgreSQL database using PHP for any matching values that 

the user entered.  Clicking on a search return will zoom the map to the feature. 

 

 

Figure 2: WRDSS geographic Data displayed along with Pop-up windows displaying additional data and 

metadata for specific information 

 

The center panel of the user interface contains the map displaying all the PostgreSQL data onto Google 

Maps through the use of OpenLayers and Geoserver.  Users can pan, zoom, and click on a feature on the 

map.  Clicking on a feature will open a pop-up window displaying all the information about the feature(s) 

that the user selected (Figure 3).  The pop-up information is done by using called built in functions in the 

OpenLayers java library.  The function retrieves all the attributes and values from the PostgreSQL 

feature(s) and display that information in the pop-up. 

 



 
Figure 3: Devices and Water Parcel Data displayed within the WRDSS with Water Rights documents 

queried in the right column 

 

Water Rights data listed is the conditional final decree in the Yakima River adjudication.  These data are 

subject to change as the adjudication enters its final stages, but these data, as provided by the 

Washington Department of Ecology are the most accurate and up-to-date data available.  If new data are 

made available, or if water rights are transferred, the database can be updated to reflect these changes.  

This requires a technical support, but the benefit of this dataset is it can be a dynamic system, and one 

that can be accessed remotely, unlike the paper copies of water rights held in government offices—this 

was the ‘old’ style of accessing water rights data.  Table 3 shows the data available when clicking on a 

given water rights parcel.  This particular parcel was selected off of Manastash Creek.  The data presented 

shows the purpose for which the water right was created (purpose), the Water right document number 

(Water Rights Doc ID), the legal file from which these data were accessed (Water Right Doc File Number), 

the state of the water right (Type), the verification method used by the Department of Ecology to ensure 

data accuracy of the water rights reported (Verification Method), the status of the document used to 

report the water right (Completion of Construction), the status of the water right (Status), the judicially-

determined priority date of the water right (Priority), the quantity of water, in acre-feet, that can be 

applied to irrigate the land  (Irrigation Acreage (ac-ft)), and the size, in acres, of the parcel that can be 

irrigated with this water right (Parcel Size (acres)).      

 



Table 3: Sample Water Rights Parcel data 

Purpose  Irrigation  

Water Rights Doc ID  4292591  

Water Right Doc File Number CS4-00477CTCL  

Type  Change Application in the Permit stage  

Verification Method  place-of-use mapped with good legal description and good spatial data features 

Doc Stage  Completion of Construction  

Status  Active  

Priority Date  09/18/2006  

Irrigation Acreage (ac-ft)  1098.6  

Parcel Size (acres)  156.36  

 

A limitation of this project lies in the incomplete nature of some of the water rights.  Many of the data 

gaps occur because the water right is held by an irrigation district, in this project mostly the Kittitas 

Reclamation District, and is geographically-linked to an individual parcel of land, but to the land serviced 

by the irrigation district. 

In addition to allowing users to look at water rights, the WRDSS allows users to look at stream gages and 

reservoir levels, potentially allowing them to improve decisions about their water use based on current 

conditions.  For example, a user can evaluate the current storage in any of the U.S. Bureau of Reclamation 

dams (Figure 4).  



 
Figure 4: The WRDSS with Cle Elum Lake selected.  The user can then choose the provided 

hyperlink and be directed to the U.S. Bureau of Reclamations hydromet page on which current 

reservoir levels are available.   

 

Quality Assurance and Quality Control Protocols  

Once all the datasets were acquired, they were examined and edited to fit the needs of this project.  All 

the datasets were first clipped to the spatial extent of this project, the Kittitas Valley.  This was done using 

the clip tool located within the ArcGIS ArcMap 10 analysis toolbox.  After clipping all the datasets to the 

desired extent, they were examined for quality. 

Each dataset was thoroughly looked through to check for any topological or attribute errors.  Once errors 

were found, they were corrected as needed after requested additional information about the errors from 

the data sources.  The errors were corrected and fixed through the ArcMap user interface along with 

assistance from MS Access, and MS Excel, both manually and through Visual Basic. 

The water rights places of use dataset was the data that required the most editing.  Because of the size and 

details of the dataset, generalizing/simplifying the data was needed to provide a faster loading, smaller 

size dataset while preserving the data structure.  The simplify tool was used in the Generalization toolbox 

in the Cartography tools to assist with simplifying the dataset. The tool removes extra vertices and 

simplifies shape by removing bends/curves while still maintaining the general shape of the feature. 

 



Expansion 

The development of the WRDSS raised the natural question of how it can be expanded to increase its 

utility.  The expansion of the dataset likely falls into two categories: additional data layers that can be 

added to the WRDSS, and identifying additional purposes or target audiences whom could find this 

database useful.  For example, Washington State’s Department of Ecology (2009) created the early phases 

of an internet-based water bank for the Upper reach of the YRB entitled the Upper Kittitas Water 

Exchange.  Because of a recent moratorium on the issuance of groundwater permits, this waterbank is 

one of the few mechanisms by which homeowners can install a new well in portions of Kittitas County.  

Non-Governmental Organizations (NGOs) looking to obtain water for instream flows, could find this a 

useful tool for obtaining water for that purpose.  Currently, the Department of Ecology’s water bank lacks 

spatial referencing, undermining its efficacy.  A natural nexus could develop between an internet-

supported user-friendly geospatial DSS which could display this information graphically and the 

development of a properly functioning water bank.   

At a later time, numerous land-use and hydrologic models, such as the draft U.S. Geological Survey’s 

Upper Kittitas Groundwater Model, could be integrated within the database providing transparency in 

water rights and further enhancing the database’s utility to rural land owners.    

 

Soliciting Feedback 

While the database was being created, a survey to elicit voluntary feedback to assess its utility for 

individual stakeholders and water management institutions was developed. The survey contained 17 

questions in two parts.   The first section asked a short series of questions concerning the current state of 

water use and demand in the Kittitas Valley; the second section, asked to evaluate the draft WRDSS.  In 

this section, respondents were asked to comment on the scope, user-friendliness, and utility as 

mechanism to enhance decisions about water resource use.  In this section respondents were also asked 

to provide general impressions of the database and were asked to make suggestions for the improvement 

of the database. 

 

Before the survey was administered it was cleared for distribution by the Central Washington University 

Human Subjects Committee.  Upon gaining this approval, federal, state and local agencies involved in 

water administration in the Kittitas Valley, as well as local irrigation districts were contacted and asked 

to make their constituents aware of the database and the survey.  The Kittitas County Water Purveyors, a 

consortium of local water managers and stakeholders put a link to both the database and the survey on 

its website.    

 



Data collection is on-going as the intent of the project is to continue to refine the database by both 

making modifications per the suggestions from stakeholder feedback, and as additional suitable 

information is available.  Preliminary response data is limited; as with many surveys, a low response rate 

has been noted, a problem compounded by the fact the survey was made available to stakeholders at the 

beginning of irrigation season.  It is hoped that at the end of irrigation season more stakeholders will 

have time to participate in the survey.   To increase feedback, an additional request for participation in 

the survey was sent in May, 2011 to a group of irrigators and an irrigation supply company located in 

Ellensburg, WA was contacted in an effort to inform irrigators of the database.   

 

Preliminary results suggest that the database provides adequate data resolution to provide clarity to 

water rights in the Kittitas Valley.  In addition all of the respondents thus far have either agreed or 

strongly agreed the database is user-friendly.  In addition, two-thirds of respondents have identified that 

they believe water supplies in the Kittitas Valley to be significantly lower than current demands, 

suggesting the importance of such a database may increase in upcoming years.     



 

  Table 4: Sample of agencies and entities contacted for Feedback on the WRDSS 

Sample of Agencies and Entities Contacted 

WA Department of Ecology 

U.S. Bureau of Reclamation 

U.S. Geological Survey 

U.S. Fish and Wildlife Service 

Kittitas Valley Water Purveyors 

Washington Department of Fish and Wildlife 

Washington Water Trust 

Yakima Basin Irrigation Districts 

City of Ellensburg Utilities Management 

Kittitas County Commissioners 

City of Ellensburg 

Kittitas county irrigation cooperatives 

Yakima Basin Fish and Wildlife Recovery Board 

Mid-Columbia Fisheries Enhancement Board 

Confederated Tribes of the Yakima Nation 

 

Results from the survey (a full list of the survey questions is provided in Appendix A) suffer from a low 

response rate, which undermines the efficacy of the assessment process.  That said, early results do 

provide some elucidation of perceptions and assessment of utility of the WRDSS.  Attempts at increasing 

response rates are ongoing and will help shape future changes to the WRDSS. 

The survey began by asking respondents about their general view towards the overall water supply for 

the Kittitas Valley.  Respondents indicated an overall view that available supplies are significantly lower 

than current demands (Figure 5).  

 



 
Figure 5: Graph of survey responses to an inquiry about their view towards the general water 

supply for the Kittitas Valley.  n=18   

 

 

To gain additional insight into the views of stakeholders in the Kittitas Valley, respondents were asked to 

respond to the question, “Will the recent water rights adjudication alter the number of water transfers in 

the Yakima Basin?” (Figure 6).  In addition, they were asked to respond to the statement, “The most 

appropriate role for state government in water management is”, which was designed to gain insight into 

the view of perceptions towards water resources management.  .  Results suggest a view that the 

adjudication will lead to a substantial increase in the number of water transfers in the Yakima.  The 

statement on the appropriateness of government involvement in water resources produced a much 

wider array of views (Figure 7).    

 



 
Figure 6: Responses to the question, “Will the recent water rights adjudication alter the number of 

water transfers in the Yakima Basin”.  n=18  

 

 

 

 
Figure 7: Responses to the statement, “The most appropriate role for state government in water 

management is”, n=18. The results indicate a wide chasm in views towards this subject. 

 



Respondents were asked to assess whether they believe the creation of the WRDSS will enhance 

understanding of water resources in the Kittitas Valley (Figure 8).  Here the responses (n=18) were 

perfectly even (6 each) between Strongly Agree, Agree, and Strongly Disagree.  On a Likert scale, these 

results would produce a mean of 3.75, but the strong bimodal nature of the responses indicate a lack of 

concurrence as to the utility of the WRDSS in enhancing water resource understanding.   

 

 

 
Figure 8: Responses to the statement, “The WRDSS will enhance understanding of the water 

resources in the Kittitas Valley.  n=18. 

 

As a follow-up to the question about the utility of the WRDSS, respondents were asked to provide an 

assessment of stakeholder groups that would find the WRDSS useful.  For this question, check boxes 

allowing multiple responses were used, so results indicate whether a respondent feels a group will 

benefit from the WRDSS, but it does not indicate relative values.  In addition to the check-boxes, a text 

box was provided, allowing respondents to provide additional groups.  One respondent provided 

‘government’ as another stakeholder group that may find the WRDSS useful.     

 



 

Figure 9: Responses to the question, ‘The WRDSS will benefit what groups:”.  

 

Outputs and Outreach 

To solicit feedback from water resource managers, and to provide preliminary results to the academic 

and professional communities, preliminary results from this research have been presented at the 

Association of American Geographers conference in Seattle, WA in April, 2011, and in Stevenson, WA in 

October, 2011.  A representative of the U.S. Geological Survey regional hydrologic office in Tacoma, 

Washington has inquired about an invited presentation of the research, though in November, 2011, no 

specifics have been determined.     

 

Table 6: List and citations of public outreach efforts generated from this RGIS Grant 

List of Outputs from the RGIS Grant 

Pease, M., and J. Murray.  2011.  Making Water Resource Decisions more "Informationally" 

Efficient: Development of a Geospatial Water Rights Decision Support System for Kittitas 

County, Washington.? Association of American Geographers Annual Conference. Seattle 

Washington. April, 2011. 

Pease, M. and J. Murray. 2011.  "Developing Geospatial Water Rights Decision Support 

Systems: Does publically-available water rights data lead to enhanced water resource 

decisions?" Conference Proceedings: Water in the Columbia Basin: Sharing a Limited 

Resource. Stevenson, Washington, November, 2011.  

Pease, M. 2011.  "Development of a Geospatial Database for Mapping Water Rights 

attributes in the Yakima Basin." Aquanomics. Scheduled for Publication, September 2, 

2011.  Available at: Aquanomics: The Economics of Water, http://www.aquanomics.com 

Pease, M. and J. Murray. In Prep. Making Water Resource Decisions more "Informationally" 

Efficient: Development of a Geospatial Water Rights Decision Support System for Kittitas 

County, Washington. In preparation for submission to the Professional Geographer.  

Expected submission, February, 2012. 
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Appendix A: The Stakeholder Survey to Assess the WRDSS 
 
 

 



 






