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Introduction 

Surveying is an essential part of many projects. Gathering current data allows managers to make 

informed decisions and direct resources appropriately. In contrast to the benefits, surveying is a 

time consuming and costly process. In our experience with watershed surveying, even a small 

pond could require hundreds of hours from dozens of volunteers to complete. Data then needs to 

be transcribed, corrected, and compiled in a usable format. We struggled to find the resources and 

time to do these surveys well. Fortunately, advancements in technology have allowed for a novel 

method of surveying with a mobile device.  

The advent of cell phones and tablets has brought many advantages to mobile users. We can 

check email, send photos, and get GPS information from almost anywhere in the world. This 

same technology can be used to revolutionize the way we gather data. All the tools needed for 

surveying (camera, GPS device, paper forms, and maps) are conveniently available in 

smartphones. Software developers have taken advantage of these tools and have created 

applications that can perform complex surveys entirely through a mobile device. These new apps 

have pre-populated forms that can take GPS data and photos directly from the mobile device. 

Survey data can then be easily uploaded, and is immediately available to survey managers. No 

longer do managers have to collect paper forms and manually transcribe the information. This 

method saves hours of labor, and allows more resources to be spent on the project.  

Traditional surveying        

techniques require paper 

forms, backpacks of gear, 

complicated methods, and 

transcription of data after   

collection in the field. 



 

о  

Mobile surveying is a powerful tool that can improve the efficacy and accuracy of nearly any 

project. However, the technology used can be complex, and be seen as a barrier to adopting 

these systems. This guide was created to help users learn about these new systems, walk them 

through the process of choosing a survey platform, and creating a survey. The first half of this 

guide talks about mobile surveying in broad terms: the benefits, different platforms, and our 

experience with them. The second part of this guide offers step-by-step instruction on creating 

your own mobile survey with Survey123. This section creates a survey specific to roadside 

erosion, however this guide can also be used as a learning tool. The detailed instructions teach  

you how to use Survey123 and simple maps. After completing this guide, you should be able to 

create your own survey specific to your goals.  

This guide also chronicles the Lakes Environmental Association's (LEA) experience with  

mobile surveying. LEA is a environmental group focused on protecting water quality, and, like 

many other groups, had grappled with surveying strategies. Identifying erosion sites is crucial to 

preserving and protecting water quality, but traditional survey methods were  time consuming.  

LEA took a bold step to field test mobile surveying in the summer of 2017, which ultimately 

culminated in the creation of this guide. The impetus, survey process, and the lessons learned 

are documented within. 

Mobile surveying is a  modern 

approach to data collection. 

Fieldwork is  simplified. All of the 

tools are available on your mobile 

device, and data is immediately 

stored electronically. 
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Background on Non-point Source Pollution 

Across the country freshwater ecosystems are declining. Lakes, ponds, streams, and rivers are being 

negatively impacted by human-induced changes in land use. After the environmental movement of the 1970s, 

and the resulting legislation (e.g. Clean Water Act), the amount of industrial pollution reaching U.S. waters 

was reduced dramatically. However, non-point source (NPS) pollution, which includes pollutants that are 

diffuse but have a high cumulative impact, have not been nationally regulated.  The major NPS pollutant is 

soil, and the nutrients contained within, like phosphorus and nitrogen. Phosphorus is the nutrient primarily 

responsible for algal growth in freshwater systems. Too much phosphorus, and algae grow so aggressively 

they turn the water the color and consistency of pea soup, a condition known as an algal bloom. This 

condition is all too common in the U.S., with hundreds of lakes blooming each year. 

Preventing algal blooms and preserving water quality is usually done by preventing or correcting sources of 

non-point source pollution. NPS pollution is often soil loss from construction or excavation, farming 

practices, or improperly constructed roads. It also includes many residential sources such as turf erosion, 

erosion from driveways, or failing septic systems. Many other types of NPS pollution exist, this is merely a 

short list of commonly found problems.  

Often, the first task when working on water quality projects is to identify NPS pollution sites within the 

watershed. The watershed is the geographic area which drains to the target waterbody. Depending on 

geography, watersheds can be very large. The more development within the watershed, the more NPS sites 

there are expected to be. Consequently, urban or suburban areas may have hundreds of NPS sites within a 

watershed. This exemplifies the idea of ñdeath by a thousand cutsò. Each of these NPS sites, even if they only 

cause slight erosion and export of soil, end up affecting the waterbody, culminating in a large impact.    



 

р  

Project Purpose 

Road systems and the ditches, culverts and water retention structures that comprise stormwater     

infrastructure are major contributors to nonpoint source pollution. The sheer size of road systems often 

make them a significant portion of land use within a watershed, and roads have a high potential to export 

phosphorus. When roads and stormwater infrastructure fail, the amount of sediment and nutrients 

exported to a waterway increases. Take a culvert for example, if the culvert becomes clogged, the stream 

may flood, causing the road to wash out and bring large volumes of soil into the waterway.  

Maintaining proper stormwater systems is integral to water quality and safe driving conditions. However, 

roads are not always well maintained, as anyone who has driven through potholes knows. Unfortunately, 

this infrastructure is predicted to come under increased stress. Climate science shows that much of the 

U.S. will be experiencing increasingly intense precipitation events in the near future. Stormwater 

infrastructure can increase a communityôs resilience to a changing climate, but only if it is adequately 

sized and maintained.  

Updating and maintaining infrastructure requires good data on current conditions, but surveys can be time 

and cost prohibitive. Current survey methods are cumbersome and require many tools. This project set 

out to create novel survey methods and decrease the cost of surveys using a smartphone 

 

 

Stormwater infrastructure failures cause water 

quality problems:  Undersized culverts can lead 

to road washout, unsafe driving conditions, 

stream sedimentation, and phosphorus loading.  
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Mobile Surveying 

Traditional survey methods require a backpack of equipment and 

complicated field forms. This is a cumbersome, time consuming and 

costly way to get the vital data project managers need. Fortunately, 

advancements in the mobile phone industry have allowed detailed, 

technical surveys to be done with a mobile device. Surveying with a 

mobile device eliminates the need for additional equipment such as the 

form, GPS device, camera, calculator, etc., because they are already 

available right in the userôs pocket. The surveys and tools are always 

available, giving them the ability to survey whenever necessary, without 

needing to pick up gear from the office.  

The interactive nature of these survey forms is one of the great strengths 

of mobile surveying. The project manager has the ability to choose what 

information is shown to the user and when. You can explain the survey at the beginning, or display 

photos and/or diagrams critical to the survey. Additionally, managers can set parameters for questions, 

such as making questions mandatory, giving a certain number range, or defining a set of acceptable 

answers. This way, surveyors cannot forget to check a box or enter incompatible data.  

Many programs also have the ability to create ónestedô questions. 

These are questions that only appear when a certain answer is given 

to a previous question. In our survey,  answering óculvertô to the 

question ñwhat are you surveying?ò would result in follow-up 

questions only about culverts. However, if you answered óditchô then 

a different, ditch-related set of questions appeared. Static survey forms can be long and complicated 

because they contain all possible questions, but digital surveys are able to direct the user only to 

pertinent questions. This ability to set parameters or create nested questions reduces errors and speeds 

data collection. 

Compiling and editing data is incredibly simple with mobile surveys. Because the surveys are collected 

on mobile devices, the data is already transcribed into a digital format. There is no need to collect the 

paper forms and enter data into a computer. Data is also more secure. Forms can be lost or damaged, but 

the digital records are permanently stored in servers online.  Survey data can be downloaded and viewed 

immediately, even in the midst of a survey. Viewing progress and initial results is easy with just a few 

ñ...nested questions reduce errors 

and speed data collectionò 
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simple clicks. Data can be downloaded in standard formats, and manipulated in separate 

programs. With Esriôs ArcOnline you can even view and edit data through a web browser. 

Transitioning to surveying with a mobile device saves time and money by streamlining data 

collection and aggregation. Esri gives an example of a fire departmentôs annual flammable 

brush survey. The process took three months, but was reduced to three weeks after 

implementing Collector*. Smartphones are designed to be portable, and most people already 

have a smartphone capable of running the apps used.  

 

 

 

 

 

   Advantages 

¶ Simplicity 

¶ Fewer errors 

¶ Quicker 

¶ Easily updated 

¶ No data transcription 

¶ Data immediately available 

¶ Cost effective 

¶ Mobile and always on hand 

¶ Adaptable 

¶ Great for volunteers 

¶ Crowd-sourcing 

¶ No other equipment necessary 

*Esri Training Seminar, ArcOnline: The Mapping Platform for Your Organization. https://www.esri.com/training/

catalog/57eb2d17ee85c0f5204be816/arcgis-online:-the-mapping-platform-for-your-organization/ 

Surveyors can quickly asses a site with the tool they   

always have availableð their phone! 

https://www.esri.com/training/catalog/57eb2d17ee85c0f5204be816/arcgis-online:-the-mapping-platform-for-your-organization/
https://www.esri.com/training/catalog/57eb2d17ee85c0f5204be816/arcgis-online:-the-mapping-platform-for-your-organization/
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General Methodology 

The methods of surveying will vary depending on the applications you use and the desired 

outcomes of the survey you are performing. Various survey products are reviewed in this guide, 

and detailed instructions for using Esriôs Survey123 are described in the second half of this guide. 

Regardless, there are three main steps common to all mobile surveys: creating the survey, doing 

the fieldwork, and creating the output.  

Creating a survey can vary from simple to complex. Many surveys can be administered through 

online platforms, but desktop programs offer additional features. This is the case with the Esri 

products where simple features are available through a user-friendly format online. Most users 

could create a survey through this process and accomplish their goals. More advanced features 

such as linking data, altering features, accessibility, default views, etc. are available through 

desktop programs. The features and options available give the user nearly endless ability to 

customize surveys.  

Project managers should spend ample time creating their survey. An intuitive, well designed 

survey can take time to create, but reduces errors and time spent in the field. Testing the survey is 

also important. Work out the kinks in a survey before you give it to fieldworkers who may not 

have the same knowledge and insight you do. Changing a survey during a project may create 

incongruent data tables or leave data incomplete.  

Before deploying, make sure the data collected is destined for the right location. Most products, 

such as Survey123 or Collector, will default to store the data online which can then be 

downloaded. Project managers can also choose who has access to the survey. Private access would 

only allow defined people with password protected accounts to access a survey. This would protect 

your data, ensure accuracy, and allow you to track productivity by user. Some programs such as 

Survey123 support public access which would allow anyone to submit data. This is great for 

volunteers, crowd sourcing, or citizen science initiatives.  

Once the survey is set up, data collection will be a breeze. Surveyors only have to download the 

app and the specific survey, and head out into the field. Some of the apps offer a map that will give 

directions and show survey progress. A simple map of the survey area that surveyors can cross off 

and reference as they go is very helpful. Most mobile surveys also allow offline data collection, so 
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data can be collected even in remote areas. Simply select the location on a map where you are 

surveying. Data can then be uploaded when Wi-Fi is available to reduce mobile data usage. The 

only additional items our surveyors used were a tape measure to measure accurate length and a 

reflective safety vest.  

After collecting the data in the field, the data will be available to download and manipulate. Data 

is available to be downloaded in standardized formats (Shapefile, CSV, KML, Excel, etc.). This 

data can be used like data from any other GPS device. You can edit and manipulate the files to 

produce maps or do analyses. Some products can visualize and host data online. Esri products 

can be viewed, edited and shared online. Another online option is to upload the data to Google 

Maps, where a custom map can be hosted for free. These online maps are interactive, and a great 

way to show the public or survey participants your work.  

Survey Creation Field Work Create Output 

1) Create a unique survey 

using the survey software. 

2) Fieldworkers gather data 

from the interactive forms 

through their mobile device. 

3) Compile data to create 

maps or graphs from the 

surveys.  
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Applications 

Mobile surveyingôs potential applications are as vast as the imagination. Virtually any information 

gathering task can be replicated through a survey platform, and made faster and more efficient. 

This guide focuses on a survey of stormwater infrastructure sites, but this methodology could be 

expanded to a variety of applications. Surveys do not need to include location data to be used by 

these systems. Although, the ease of collecting GPS information through these products makes 

location data a useful augmentation to surveys that may have not used it before. Some potential 

applications are highlighted here:  

 

Infrastructure Survey: Mapping and rating 

road infrastructure such as ditches and culverts 

based on their maintenance and efficacy.  

 

 

 

Clean Water Act Section 319: 

Locating non-point source pollution 

sites within a watershed and rating 

sites for erosion severity. 

 

 

Algae monitoring: Citizen science initiative 

to monitor algae blooms. GPS locate survey 

sites and rate level of algae growth. 

 

 

 

Population/census: Population surveys 

can be aided by using built-in maps to locate 

houses or sites, and link to housing data.  
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Choosing a survey product 

There are a vast array of products and programs available that are capable of creating surveys on a 

mobile device. They vary greatly in price and the features they offer. Some of the more widely 

used programs are discussed but many others are available. When choosing a program, think about 

the goals of your survey and whether the features of the survey product can accomplish those 

goals. Also important are the resources available and your organizationôs current GIS use. Our 

survey had great success with the Esri products, and we focus on these. Some platforms outside of 

the Esri suite of software are also discussed.  

Safety 

The importance of safety cannot be overstated. Surveys are 

inherently dangerous due to their often remote locations and 

proximity to roadways. Furthermore, using mobile devices can 

exacerbate the risk near roads. Surveyors have a tendency to look 

down or at their phone while surveying. Even more problematic, 

they may be looking at their mobile device while driving. Be sure 

to educate your surveyors to be aware of the risks involved, and 

develop safety standards for your survey.  

Ensure your surveyors always stop their vehicles before working 

on their survey (it may also foul GPS data if they are moving 

quickly). Make sure they are wearing reflective or highly visible 

gear. Be aware of where surveyors are working and when to expect them back. For our 

infrastructure survey, we had surveyors work in teams of two. This alleviated some of the driving 

danger by allowing one person to look for survey sites while the other was focused on driving. 

Having two people also provided another level of safety if one were to get hurt. Overall, safety of 

volunteers and workers must be a priority when planning a survey.  


