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Introduction
This National Science Foundation Informal Science Education project was a “Citizen Science” weather and climate observing program focused on the Central Great Plains region of the U.S.  Volunteers of all ages, primarily self selected, equipped with simple and low cost instruments for measuring rain, hail and snow, were recruited, trained and equipped to help measure and report precipitation.  This region of the country is well known for its extreme and highly variable climate with strong seasonal cycles, dramatic day to day weather changes, drought vulnerability, as well as the propensity for infrequent but very extreme storms including some of the worst hail and blizzards of the entire country.  The premise of this project was that through active participation in observing and reporting rain, hail and snow that participants would become more familiar and appreciative of their variable climate while also providing much needed scientific data for the scientific and natural resources communities serving their areas.
This project was evaluated by Dr. Leonard Albright , Senior Research Associate from the Center for the Advancement of Student Learning at Colorado State University.  Graduate and undergraduate students assisted along with a local professional survey organization.  Key components of the evaluation process included participant inventory and tracking, precipitation data compilation (providing information on the duration and spatial distribution as well as data quality provided by CoCoRaHS citizen volunteers), participant surveys, and focused interviews with a randomly selected group of several dozen participants.

Summary of Project Evaluation Results:
Recruiting and participation.
This project intended to focus on the Central Great Plains including northeast Colorado, southeast Wyoming, southwest Nebraska and northwest Kansas.  In reality, by 2004 the project was already spreading to broader regions of those four states and eventually extended to all areas of those states plus several other states in the Rocky Mountain and western plains region, the Midwest and the Mid Atlantic.  All told, the number of volunteer applications to join CoCoRaHS was close to 7000 by the end of the 4th year of this project.  Of that number, nearly 3500 were actively involved in data collection at some point during 2006.  Approximately 4900 participated at some time during the project.  Over 2000 applicants signed up but never submitted data to CoCoRaHS by phone or the website.  Some reasons will be presented later.
Based on analysis or recruiting efforts, there were many successful approaches to recruiting citizen volunteers over the Central Great Plains.  Stories about CoCoRaHS and the need for volunteer distributed by TV, radio, daily and weekly newspapers and magazines all enjoyed some amount of success in recruiting participants, especially those that already had a strong interest in weather monitoring.  Outreach efforts by the National Weather Service, particularly their spring severe weather spotter training programs across the region, were also effective.  Citizen response to media was not overwhelming however.  Recruiting potential volunteers, especially in rural areas, was enhanced through more personalized contacts and invitations.  Face to face recruiting at farm shows, fairs, conservation district offices and public meetings and through conservation district, Cooperative Extension and Farm Service Agency newsletters added considerable to the pool of volunteers.  The age group most likely to volunteer was older adults in the age range from 55 to 80 years old, with a secondary peak in the 30s and 40s representing families with school-age children.  All ages were represented from as young as 6 years old up to nearly 90, with the lowest participation typically in the 18-30 year old range.
Recruiting efforts did not consciously strive to select by gender. Collectively,  female participation averaged about 40%, with some variations from state to state.

Overall, volunteer recruiting proved to be rewarding and successful although no single, simple formula for recruiting emerged.  Being affiliated with local reputable organizations such as Cooperative Extension, Service organizations and Conservation Districts was very helpful in rural areas.

Of those that choose to participate in CoCoRaHS, the duration varied greatly.  Some only participated sporadically or for a very short period of time.  Others have participated thoroughly and continuously since first getting started.  Some report every day no matter what.  Others report only when it rains or only at certain times of year.  There is a full range of participation, but the combined result of some long-term participants and other shorter duration helpers has been a valuable data set for Central Great Plains precipitation.  By the end of the project, precipitation data resources for this climate sensitive region had improved drastically.  For any give precipitation day, there is now 3-4 times more local precipitation data for evaluating storm characteristics than what is available from traditional climate and water resources observing networks.  This is HUGE! from science, education and natural resources perspectives.

Why do people choose to participate?


The main reason volunteers say they want to participate is due to some background interest in weather that was never or rarely pursued.  “I was always interested in science but never had the opportunity,” is a common response from older participants, especially women.  Fascination with severe weather is also mentioned as a reason.  For younger families, a common answer was “This is something we can do with our kids that is interesting and connects to science”.   In rural areas weather is universally important for daily life, so specific reasons for participation are often not given.

Why do some people continue with the project for long periods while others only for brief periods of time? While schedule and busyness is often cited as reasons to drop out, the main reason for continuing with the project appears to just be a combination of attitude, interest and personality.  The people who stick with the project realize the value of their observations but also are detail-oriented and disciplined.  From our older participants as well as some of our participants with disabilities, a common answer is “This is a good reason to get up in the a.m., get moving, and be useful.” 
Why do some drop out or never get started?


Common answers for why people who sign up then drop out or never get started include:  Project takes too much time, feels like a burden of responsibility, more work than expected, not enough help from others, could not get a rain gauge, could not afford a rain gauge, assumed supplies would be given free, just can’t find the time, couldn’t attend training, never heard back from CoCoRaHS leaders.  In fact, we found that automated SPAM blocking systems did often block CoCoRaHS messages so that people did not get our messages.  Personal follow up was only possible in counties and communities with local volunteer leaders and not all counties had such local leaders.  
Training:  

Several options of citizen training ranging from group training sessions, one-on-one training, traditional printed instructional materials and web-based on-line training were provided.  The most effective training, especially for beginners new to scientific data collection, was group face-to-face training.  Individuals who attended group training sessions were more likely to participate and participate longer. It was not practical or possible to require all participants to attend group training sessions, however.  Towns on the Central Great Plains are sometimes 50 miles or farther apart.  Other options for training were therefore appropriate.  Training was sufficient to yield favorable results, but many opportunities remain to improve training materials, media and options.  Should CoCoRaHS expand to more areas of the country, additional improvements to training materials and training presentations are recommended.  Post training evaluations were conducted at all group training sessions, but no separate pre and post testing were conducted to document learning.

The time tested “train the trainer” approach was used with success to maximize the limited human resources of this project to reach broader audiences.  Nebraska, in particular, emphasized this approach.  One well-attended group training session for Natural Resource District field office Staff in early 2004 led by Nolan Doesken of CoCoRaHS headquarters was all that was needed to launch the entire state network of local trainers.  
Usefulness and Value of Data Collected:

One of the very impressive aspects of the CoCoRaHS project was the broad and immediate use of the data by many and varied groups, organizations and businesses.  The National Weather Service had obvious and anticipated needs and uses for the data including weather forecasting, forecast verification, and severe weather warnings, but the NWS River Forecast Centers also showed considerable interest in incorporating data into large basin hydrologic models to help improve streamflow and flood stage prediction.


Other major operational uses of the data included: 1) drought assessment by U.S. Department of Agriculture and local Cooperative Extension and Farm Service Agency offices at the county level, 2) water supply and water demand forecasting and verification, 3) urban flooding and flood plain evaluation, 4) hail damage assessments by agricultural and insurance concerns, 5) snow impacts on transportation and commerce and 6) public information for media and general information.

In addition to routine operational uses of the data, many research opportunities appeared.  With many efforts to use remote sensing to assess resources, the data from CoCoRaHS became immediately popular for use in providing “ground truth” for several radar and satellite studies.  The unique quantitative hail data provided by CoCoRaHS was of critical importance in NSF-funded studies of dual polarized radar for the potential differentiation between precipitation phases -- rain versus hail.  A new Great Plains drought index utilizing satellite assessment of vegetation benefited from the high resolution ground measurements of precipitation.  Research on the spread of the West Nile virus benefited from local precipitation information showing relationship between weather patterns, mosquito life cycles and the spread of the virus.

The most common questions asked by scientists using or considering using CoCoRaHS precipitation data was “How do you know the data are good?” and “What quality control are you performing on your data?”  The overall assessment of data quality after 4 years of collection and use was that the quality of data from CoCoRaHS was as good as any official precipitation data set available publicly.  There were data problems and common errors -- especially in measuring snow, but overall data quality was sufficient for most operational and scientific applications with no more than normal data screening and QC.  In fact, in areas with high concentrations of data gathering volunteers, data quality assessment was much easier to perform thanks to many “nearest neighbors” for data comparison.  Formal data quality assessments were performed daily throughout the project with the help of citizen “data quality control” volunteers.
Added Resources to “Citizen Science” Community:

As other studies have shown, when citizens are exposed to the science and research community, they may become aware of other ways they can contribute to geospatial observational sciences.  This was definitely the case with CoCoRaHS.  Many volunteers have become aware of other needs and opportunities and are now participating in several other “Citizen Science” endeavors.  Also, through connections with the scientific community especially here in Colorado, more scientists have become aware of the potential to utilize volunteers to broaden and enhance existing research efforts.  This has been the case with the Rocky Mountain dust deposition research, regional ground water studies, and nitrogen transport and deposition research, to name a few.
Learning:

It is easy to qualitatively describe learning in action through CoCoRaHS participation.  The list below identifies several steps and activities in CoCoRaHS participation where science learning takes place.   

· Siting and installation of weather instruments and how location affects what you observe.
· Measuring and reporting precipitation (how to accurately read and record precipitation).
· Common challenges to accurate readings.
· How measurement accuracy varies with precipitation type, intensity and amount and other weather elements such as wind.

· Examining precipitation frequency and amounts over time at a point (examining your own data – how much and how often does it rain/snow/hail in my own back yard).
· Geospatial variability in precipitation -- how and why does precipitation vary from place to place, storm to storm, and as function of time of year.
· Group activities -- sharing weather stories, weather impacts through history at the community level.

· Rocky Mountain Weather and Climate Workshop -- learning from the professionals.
· E-mail newsletter “The Gauge:”  These 2-4 times/month CoCoRaHS updates provided participants the opportunity to read first hand what the CoCoRaHS leaders were learning, and how the CoCoRaHS data are being used.  This was identified as the number one venue for continuing learning through CoCoRaHS participation.
· Printed newsletter:  Cost of printing and distribution limited the potential for this education outreach activity, but excellent content was provided in this written format.

· Hail Pad Parties – a practical activity.  Through the construction of hail pads for volunteer use, these participants gained a greater appreciation for hail research.

· TV and Internet weather.  After participating in CoCoRaHS, volunteers were sometimes better able to comprehend and interpret content from existing weather media.


It is not so easy to quantitatively show the extent to which learning has taken place among all participants.  In a self-selection Citizen Science endeavor like this, no pre-testing was done.  To a large extent, learning is optional for the participants.  They can get as much or as little out of this as they wish.  The time investment varies considerably among participants.   From surveys and interviews, most participants are able to define specific learning that they have identified.  In many cases, the learning is simply an increased awareness of the surrounding environment and how it is affected by precipitation.  The most common learning is that precipitation is much more variable than most people realized -- which is exactly why the project was initiated in the first place.
Sustainability: 


There is considerable experiential evidence for sustainability of the CoCoRaHS network.  For example, Nebraska promptly established a nearly independent state and locally funded network beginning in 2004 and expanding statewide in 2006 that quickly became a shining example of local leadership and implementation.  In 2006, Arizona launched their own independent project, based on the recognition of the importance of highly variable precipitation in a very dry area.  Colorado, where the CoCoRaHS network concept was initiated, now has several institutional sponsors helping cover some of the costs of a year-round statewide project. The National Weather Service has contributed substantial in-kind institutional support in many states.  The fact that weather, water or agricultural professionals in many states have volunteered to bring CoCoRaHS to their states and volunteered to help lead these efforts without financial incentive shows the very large interest and need for citizen-provided natural resources data and information.  In summary, the potential for sustainability seems high, especially in the presence of motivated and inspiring leadership.
Critical Issues:  

The following is a summary of the key findings and observations that pertain to potential continued expansion of CoCoRaHS and longer term sustainability.

Potential for recruiting volunteers for gathering research-quality rain, hail and snow data is VERY HIGH.  CoCoRaHS has shown that there are large numbers of potential volunteers in rural and urban areas willing and able to measure and report local precipitation.  Even larger numbers could be recruited than occurred during this CoCoRaHS project if more direct personal individualized invitation was possible.

Motivated state leadership -- ideally leadership teams representing official weather/climate/water organizations within a state with a vested interest and need for precipitation information -- are critical to establishing and maintaining an active, vibrant long-lived observation network with learning opportunities.  The public perceives weather as uniquely local, so the more local the leadership is, the more relevant the project seems.

Statewide leadership is important, but trained local or regional leaders with their roots in the local community add even more credibility to the program.

Better training materials and training opportunities are needed.  Trainers need to know and appreciate not only how to set up instruments and accurately measure rain, hail and snow, but they also need to know the many valuable uses for the data and why participation  is valuable and important both for short term daily weather applications and for longer term research, natural resources and climate applications.

Teaching is more effective when the outcome is immediately relevant.  Seasonal training opportunities would be more effective than just one-time efforts to try to cover everything.  It is easier to learn about measuring snow when snow is, has or soon will be falling.

The CoCoRaHS website (www.cocorahs.org) is foundational to the project.  Simple and user-friendly web interface for data collection is essential.  More improvements are needed.

Maintaining a sense of “Community” is important.  A friendly, encouraging, forgiving and supportive community of leaders who have time to talk with volunteers one on one will help broaden and deepen volunteer participation.  

Greater use of volunteer human resources is essential.  It is not likely that sufficient funds to support state, local and even national-scale project staffing is sustainable.  However, the potential for high-level volunteer leadership appears feasible.  There is potential to better tap the community of retired scientists and professionals to develop a stronger volunteer leadership support base for the project.

The value and many uses of CoCoRaHS data must be shown.  Volunteers want and need to know when, why and how data they are collected are used by professionals.

The “self selection” approach to volunteer recruiting is cost effective and leads to motivated pool of participants.  However, “self selection” proved ineffective at reaching and including the Hispanic population of the Central Great Plains (primarily limited to the larger towns of the region).  To expand cultural and economic diversity requires additional and more targeted recruiting strategies.

An ideal approach to CoCoRaHS expansion and enrichment would be to hold a sponsored national workshop to bring together potential leaders from states that are not yet participating alongside with the national and state leaders that are already active and involved.  The direct, personal exchange of stories and experiences, as well as hands on training in recruiting, training, observing, analyzing, sharing results and in the effective use of training materials and CoCoRaHS web resources would go a long ways toward establishing a broader and richer citizen network.
PAGE  
7

