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Greetings. Thank you all for joining us. Welcome to the second session of the USGS Hydrography Webinar Series. 
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Presentation Notes
I’m Al Rea, and I work with Jeff Simley as co-manager of the NHD. I’d also like to acknowlege Steve Aichele, who will be helping with the Questions and Answers later on, and Allyson Jason, who has helped us organize the Webex Training Center technology and many other tasks. There are also many other people who help to make this webinar series possible, but they are too many to name here. 



Hydrography Webinar Series—
Session 2 Agenda: 

 
 

1. Introduction 
2. NHDPlus Flow Computation and Analysis—

Al Rea 
3. The National Flood Interoperability 

Experiment (NFIE)—Ed Clark 
4. Discussion 

 

Presenter
Presentation Notes
This is the agenda for today’s seminar. I have some brief introductory comments about the hydrography webinar series, and then I’ll give a short overview of how flows are computed using NHDPlus. Then Ed Clark will give us the “Feature Presentation” for today about the National Flood Interoperability Experiment. We’ll have time for some questions and discussion after Ed’s presentation. 



Hydrography Webinar Series—
Purposes: 

 
 Share success stories from users who have 

solved real world problems using 
hydrographic data 
 Provide information on the NHD, WBD and 

related products 
 Provide a forum for users similar to what 

might be encountered in a conference setting 
 

 

Presenter
Presentation Notes
The three basic purposes of this webinar series are shown here. We’d like to share success stories from users who have solved real world problems using hydrographic data

We’ll also provide some information on the NHD, WBD and related products

And Finally, we want to provide a forum for our user community similar a conference setting. In these days of shrinking budgets and travel restrictions, we felt there was a place for a “virtual conference” of this sort. 




Hydrography Webinar Series—
Example Topics: 

 
 Hydrology 
 Resource Management 
 Pollution Control 
 Fisheries 
 Emergency Management 
 Mapping 
 Elevation/Hydrography Integration 

 

Presenter
Presentation Notes
These are some of the topics we hope to cover during this seminar series. The list isn’t intended to be exclusive, though, so please tell us if there are other topics you’d like to see covered.



U.S. Department of the Interior 
U.S. Geological Survey 

NHDPlus Flow Computation 
and Analysis 

Introductory Concepts 
 

by Al Rea 
 

Presenter
Presentation Notes
Now we will start with short presentation on the NHDPlus, because both last month’s presentation by Bill Samuels on RiverSpill and ICWater and today’s presentation on flooding by Ed Clark use the NHDPlus for flow computations. I want to give you some background on the how flows can be computed using NHDPlus, and specifically how the the mean annual and mean monthly flows that are included in NHDPlus were computed. I’m going to cover this pretty quickly, and at a very high level. There is a lot more information about this the NHDPlus User Guide, if you would like to know more about it.  



Hydrography Webinar Series—
Seminar Formats: 

 
 Use cases 
 Underlying technology 
 “Rapid Fire” sessions 
 Collect feedback 

Presenter
Presentation Notes
We plan the webinars to be a mix of presentation types. We’ll have users describing how they have used hydrography data to solve a particular problem. We will have presentations on the underlying technology and data. We also plan to have some “rapid-fire” sessions in which several presenters will give very short 5-minute presentations, just to give us a quick overview of what they are doing. And we’ll also try to collect your feedback on what you want to see in future seminars. 



Hydrography Webinar Series—
Seminar Information: 

 
 http://nhd.usgs.gov/HydrographySeminarSeries.html 
 NHD Newsletter & Mailing list –   

 nhd@usgs.gov 
 AWRA and other organization emails 
 Contact  info from webinar signup 

 
 Expected Interval—every 6-8 weeks 
 Questions during webinar—Q&A tab 

Presenter
Presentation Notes
These are some of the ways you can get more information about the webinar series. The main resource is the web page shown here. Note the URL is case sensitive. We also have a newsletter that Jeff Simley sends out each month. If you’d like to be on the mailing list for the newsletter, send us an email. 

We will send announcements for future webinars out through the AWRA and some other organizations. Also, when you sign up for one of the webinars, we’ll put you on our list for future webinar announcements. We promise not to spam you with other stuff. 

We plan to have webinars every 6 to 8 weeks. 

We have place all the phones except the presenters’ on mute to minimize background noise during the webinar. If you have a question, please find the Q&A tab, which has the question mark icon, on the upper right in the Webex window and type your questions in there. If you made the presentation full screen, the Q&A option is on a pulldown menu that appears when you put your cursor near the top of the screen. We will monitor the Q&A list for questions from participants and will ask the presenter to answer some of them during the discussion session. We will post written answers to all the questions later on the Seminar Series web site. We also would appreciate it if you would take the time to answer a few short questions at the end to help us improve future webinars. 



NHDPlus V1 and V2 Team: 

 
 Tommy Dewald – EPA Project Manager 
 Al Rea, Rich Moore and Craig Johnston – 

USGS Water, NHDPlus Raster Processing 
 Tim Bondelid – Consultant to EPA, 

Hydrologist 
 Cindy McKay – Contractor to EPA, NHDPlus 

Technical Lead, Database & Software Design 
 

Presenter
Presentation Notes
I want to take a moment to acknowledge the really very small team that has been working on NHDPlus for the last decade or so. The team you see here, led by Tommy Dewald at the EPA, conceived and developed NHDPlus. An interesting thing about this team is that they have only met all together in person just a few times over all these years. But they have spent probably close to a thousand hours on the phone discussing every aspect of NHDPlus. (I’m not kidding, a thousand hours is actually a pretty good estimate.) And version 2 of NHDPlus was produced entirely virtually; the team didn’t meet at all in person during production of NHDPlus Version 2. I think it’s a testament to how much a small team can accomplish with the right technology, and I’m personally quite proud to have been a part of it. 



Overview—Flow computation and 
analysis: 
 NHDPlus Components 
 Surface Water Network 
 NHDPlus Network Attributes 
 Catchments 
 Catchment & Watershed Attributes 
 Points of Interest Linked the Network (gages, 

forecast points, dams) 
 Analysis Example—EROM Flows and 

Velocities 
 

Presenter
Presentation Notes
Here is an overview of what I will cover in this presentation. First, I’ll talk about the major components of the NHDPlus that are used in flow computations. These include the surface-water network, the NHDPlus network attributes, catchments and catchment and watershed attributes, and points of interest that are linked to the network, such as gages, model forecast points, and dams. Then I will talk about the specific example of flow analysis that is included in the NHDPlus, which is called the EROM or Enhanced Runoff Method for computing flows and velocities. 



NHDPlusV2 Components 

Vectors 
 

 NHD Snapshot 
 WBD Snapshot 
 Hydro-Enforcement 

Features 
 Catchment Polys 

 
 

Rasters 
 

 NED Snapshot 
 Hydro DEM 
 FDR/FAC 
 Catchments 
 More… 

 
Many Attributes 

Presenter
Presentation Notes
These are the major components of NHDPlus, with the vector data on the left and raster data on the right. The NHDPlus includes snapshot versions of the three major datasets that were integrated to create NHDPlus, including the complete 1:100,000-scale NHD, the Watershed Boundaries Dataset, and the National Elevation dataset on the raster side. NHDPlus also includes the actual features that were used to do hydro-enforcement of the elevation data, and the catchment polygons that are one of the major products. We also include the hydro-enforced DEM, the flow direction and flow accumulation grids, a raster version of the catchments, and lots of attributes. 



Value Added Attributes (VAAs) 
For the Stream Network 

Analysis 
 

 Stream Order 

 Waterbody Identifier 

 Network Identifier 

 Level Path Identifier 

 Distance to Terminus 

 

Navigation 
 

 Stream Level  
 FromNode/ToNode 
 Hydrologic Sequence 
 Divergence Main Path 
 Start/Terminal Flags 
 QA/QC’ed Connectivity   

Table 
 

Presenter
Presentation Notes
The NHDPlus has a set of attributes known as the Value Added Attributes, or VAAs. The VAAs encode lots of information about the stream network, and enable many different kinds of analysis. Shown here are a few of the attributes that are used for analysis and navigation. There are several others. Today we are going to focus on the second and third Navigation attributes: the From and To Nodes, and the Hydrologic Sequence number. 



From node/To node 
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 Nationally unique ID’s 

 These are conceptual 

 No feature class exists 

Presenter
Presentation Notes
The NHDPlus has a set of nationally unique node IDs. These can be used for node-to-node network-walking models. Lots of traditional flow models fit into this category. An interesting thing about these node numbers is they are entirely conceptual. They exist in a flow table that identifies the stream flowlines that flow to each node, but there is no actual feature class of nodes. 




Hydrologic Sequence Number 

 Nationally unique sequence 
number 

 All upstream flowlines have 
higher hydrologic sequence 
numbers and all downstream 
flowlines have lower hydrologic 
sequence numbers. 
 

Sort:   
Ascending = downstream to up 
Descending = upstream to down 
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Presenter
Presentation Notes
Probably the most important of the Value Added Attributes is the Hydrologic Sequence Number. The hydro sequence number is designed so that from any flowline in the network, all the flowlines that are upstream have a higher number, and all the flowlines that are downstream have a lower number. This is pretty amazing, since the national stream network is a whole lot more complex than the one shown on this slide, and it includes many thousands of divergences. In other words, it is not a simple dendritic network. 

One really useful aspect of hydro sequence numbers is that if you sort them in descending order, you can walk through the entire network to do some process, like computing the drainage area, and wherever you are in the network you will have already processed everything upstream of you and all you have to do is add up the upstream areas. This means you can do processing like this in a single pass through the network, and that makes the processing very efficient. 



VAA Navigation By Query 

 
 Four types of traversal 
 Upstream Mainstem 
 Upstream with Tributaries 
 Downstream Mainstem 
 Downstream with Divergences 

 Various stopping conditions 
 Well suited to large navigations 

 

Presenter
Presentation Notes
So we can use attributes like the Hydro sequence number, along with several others, to do network navigation using database queries. If the network was simple and dendritic, I could pretty easily explain what the queries are, but because we have divergences in the network, the queries are a bit more complex. They still are queries, though, and databases are really good at doing queries very fast. The NHDPlus has a tool that can do network navigation using queries to do these four types of navigation: Upstream mainstem, upstream with tributaries, downstream mainstem, and downstream with divergences. The tools support a variety of stop conditions, too, like stopping the trace after going 50 miles upstream. And finally, because these are all just database queries, they’re fast and can work efficiently on really large navigations. 



Navigation by Query Tools 

 
 ArcMap Tools –  
 VAANavToolbarCom.dll &  
 VAANavigatorCom.dll  

 
 Callable Tools –  
 VAANavigatorCom.dll 

 

Presenter
Presentation Notes
The VAA navigation tool is available as a toolbar in ArcMap, and it’s also available as a DLL that you can call from your own custom program, like in a Python script. So with this tool, it would be pretty easy to make a script that does some pretty sophisticated network-based analysis. 



NHDPlus Concepts:  Rapid Navigation 
of the Linear Surface Water Network 

Susquehanna River 
Main Stem 

Susquehanna River 
Drainage Basin 

Presenter
Presentation Notes
Here’s a simple example, showing an Upstream Main Stem and an Upstream With Tributaries navigation for the Susquehanna River. Both these navigations are very fast. 



Catchments 

 Catchment delineation process developed out of 
the New England SPARROW project (USGS) and 
the “Agree” aml (University of Texas) 
 Creates a hydrologically-conditioned DEM 

(HydroDEM) which integrates information from 
three datasets 
 Catchments are generated from this HydroDEM 
 Catchments provide linkage between landscape 

processes and stream network 

Presenter
Presentation Notes
Aside from the stream network VAAs, probably the next most important feature in the NHDPlus is the catchments. Catchments are the immediate areas that drain to each segment of the stream network. I’ll show a picture of some catchments in a moment. On this slide I have some details about how the catchments are computed, but the most important thing I want you to know about catchments is the last point: they really are the key to connecting the landscape with the stream network. That’s really important because overland flow is quite different than flow in channels, and it is in this process that a lot of things happen, such as pesticides being washed off a field and into a nearby stream. So catchments really are the key to understanding how landscape attributes like land cover or geology or soils affect streamflow. 
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National 
Hydrography 
Dataset (NHD) 

Watershed  
Boundary 
Dataset (WBD) 

National   
Elevation 
Dataset (NED) 

Hydrologically-Conditioned DEM  Incorporates:  

Presenter
Presentation Notes
So, the way we compute catchments is by combining the NHD streams and waterbodies, watershed boundaries, and elevation data. Exactly how we do that is a topic for another day, but for now, just understand that this process is the key to getting catchments. 
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Presenter
Presentation Notes
Here is a picture of some catchments. You can see there is a catchment for each line segment in the NHD network. There are catchments for each coastal line segment, too. The catchments in NHDPlus cover the entire continental US. If you drop a hypothetical drop of water anywhere in the 48 states, you can know instantly where in the stream network that drop of water would go simply by intersecting the point where it falls with the catchment dataset. 



Catchment attributes included 
(incremental and cumulative): 

 
 Climate (mean annual and monthly) 
 Precip 
 Temperature 

 Runoff (mean annual and monthly by Wolock 
and McCabe) 
 NLCD 2011 (all categories) 
 Mean Latitude (incremental only) 

 

Presenter
Presentation Notes
The NHDPlus version 2 includes the catchment attributes you see here. There are mean annual and mean monthly precip and temperature, as well as runoff from a simple water-balance model developed by Dave Wolock and Greg McCabe. There are also all the categories in the 2011 National Land Cover Dataset. For all of these, we have both the attributes for each individual catchment, and also the accumulated attribute for each catchment and all the catchments upstream of it. There also is the mean latitude of each catchment, but this variable isn’t accumulated for upstream catchments. All these attributes except the NLCD were used to compute the flow estimates that are included in NHDPlus. 



Example Points/Lines of Interest 
along the Network: 

 
 Stream Flow Gages (NHDPlus) 
 Dams (restricted distribution) 
 Water Quality Monitoring Stations, Discharge 

Permits, WQ Standards, Assessments, 
Impairments, and TMDLs (EPA) 
 Road Crossings 
 Habitat 
 Others…  

 

Presenter
Presentation Notes
So now that we have the stream network and the catchments, we need to tie some observations to this structure. Here are some examples of the kinds of observation points and lines that we can link to the stream network. There’s really no limit to the kinds of things you could link to the network. We do this in GIS using something called linear referencing, which is similar to the mile markers along the highway. We don’t have time to get into those details, today, though. For the flow analysis we’re going to be looking at, the stream gages are the thing we’re most interested in. 



NHDPlus V02  
EROM Flow Estimation Steps 

1. Runoff based on water balance model (RO)  
2. “Excess ET” component that takes into account 

excess evapo-transpiration in the stream 
channel area (EET) 

3. A regression of Step 2 flows on Gage flows 
using Reference gages (RGR) 

4. A capability for users to add, remove and 
transfer flows (PlusFlowAR) 

5. Adjustments to observed gage flows 
6. A flow QA module to evaluate accuracy of the 

flow estimates 
 

Presenter
Presentation Notes
So now I’m going to give you a very brief overview of a specific example of streamflow modeling, and it is the one used in the NHDPlus itself to compute mean annual and mean monthly flows. It’s called the Enhanced Runoff Method or EROM for short. EROM goes through these steps to compute flows. The flows computed for each of the five steps here are included in the NHDPlus. Each step gives us improved estimates, and the results of Step 5 are considered to be the best estimate of flows. I’m going to go through these steps very quickly, in the interest of time, but I just want you to get a feel for the process. The details are all in the NHDPlus User Guide, in Appendix A.



U.S.: Wolock and McCabe;  
Canada and Mexico: Canadian Forest Service 1971 - 2000 

Presenter
Presentation Notes
The first step is a water-balance runoff model by Dave Wolock and Greg McCabe. It is developed from the PRISM precip and temperature data for the US, and from similar grids that were developed by the Canadian Forest Service for Canada and Mexico. 
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                                     QA Statistics 
Gage       Runoff              EET            Ref Reg.      PlusFlow        Gage Seq. 
Mean    Mean   SEE    Mean   SEE    Mean   SEE   Mean    SEE         SEE 
2.36     2.17   58.8   2.17   58.8   2.37    32.6   2.37   32.6        23.0 
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Step 1: Runoff (SR) 

Presenter
Presentation Notes
This graph shows the results of the water balance model. The points are gages. If the estimates were perfect, they would all fall along the red line.
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Method developed by Dave Wolock of USGS.  
(graphic courtesy of Dave Wolock) 26 

Colorado River (Southwestern U.S.)
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Step 2: Excess Evapotranspiration 
(EET) 

Presenter
Presentation Notes
The second step is an adjustment for evapotranspiration from the streams and waterbodies. This graph shows the adjustment for the Colorado River basin. You can see how it improves the estimate a lot in this region. I had less effect in more humid regions. 
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                                     QA Statistics 
Gage       Runoff            EET             Ref Reg.       PlusFlow        Gage Seq. 
Mean    Mean   SEE    Mean   SEE    Mean   SEE   Mean    SEE         SEE 
2.35    2.46  118.7   2.30   90.6   2.37    32.6   2.37   32.6        23.0 

Step 2: EET (10L) 

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000

90,000

100,000

0 10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000 100,000

Gage Flow (cfs)

ER
O

M
 F

lo
w

 (c
fs

)

Presenter
Presentation Notes
This graph shows how the Step 2 adjustment moved the points closer to the red line. This is for the lower part of Region 10, which is the Missouri River Basin.
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                                     QA Statistics 
Gage       Runoff            EET             Ref Reg.       PlusFlow        Gage Seq. 
Mean    Mean   SEE    Mean   SEE    Mean   SEE   Mean    SEE         SEE 
2.36     2.17   58.8   2.17   58.8   2.37    32.6   2.37   32.6        23.0 

1

10

100

1,000

10,000

100,000

1 10 100 1,000 10,000 100,000

Gage Flow (cfs)

ER
O

M
 F

lo
w

 (c
fs

)

Step 3: Reference Gage 
            Regression (SR) 

Presenter
Presentation Notes
Step 3 was a regression of basin characteristics against flow for the gages. The regression improves the fit of the data quite a bit.
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Step 4: Transfer, Withdraw, Augment Flows 
(“PlusFlowAR”)  

Transfer 2 cfs 

.3 .3 
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2.5 
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Presenter
Presentation Notes
Step 4 lets us account for additions and removals from the flow network. There is a table called PlusFlowAR that contains records telling us where flows are added or removed from the network. Currently this table only includes some of the largest water transfers, but the structure is there so that we could represent lots more detail if we had the data to populate it. 
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                                     QA Statistics 
Gage       Runoff            EET             Ref Reg.       PlusFlow        Gage Seq. 
Mean    Mean   SEE    Mean   SEE    Mean   SEE   Mean    SEE         SEE 
2.42     2.40   14.9   2.40   14.9   2.43   14.7   2.43   11.7        10.9 

Step 4: “PlusFlowAR” (NE) 
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Presenter
Presentation Notes
Here are the results of the additions and removals for the New England region. You can see that for most gages it had no effect, but it improved the estimate considerably for that one outlier. 
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Step 5: Gage Adjustment  
.3 .3 

2 

2 

6 1 

9 .5 

.5 10 

12 Gage DA = 12 
Gage Q = 13 
EROM Flow = 12 
QAdj = 13 – 12 = 1 

Flowline adjustments closest  
to the gage will get higher weights 
than Flowlines farther from the gage 

Presenter
Presentation Notes
Step 5 is an adjustment using the flows from gages. Basically for every flowline that has a gage, we adjust the flow to match what the gage tells us it should be. 
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Gage Adjustment: Re-Accumulated Flows 

.3 .3 
2 

2 

6.16 1 

9.40 .5 

.5 

10.67 

13  Gage DA = 12 
Gage Q = 13 
Flowline Flow = 12 
QAdj = 13 – 12 = 1 

Presenter
Presentation Notes
Then we adjust the flows on upstream flowlines that have half or more of the drainage area as the gage, and then re-accumulate all those flows downstream. 

The results of this step are the best estimates from EROM. They are in fields named with a letter “E”, such as “Q0001E”.
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                                     QA Statistics 
Gage       Runoff             EET            Ref Reg.       PlusFlow        Gage Seq. 
Mean    Mean   SEE    Mean   SEE    Mean   SEE   Mean    SEE         SEE 
2.36     2.17   58.8   2.17   58.8   2.37    32.6   2.37   32.6        23.0 

Gage Adjustment QA: 

 
 Randomly remove 20% of the gages from 

the gage adjustment 
• Called “Gage Sequestration” 

 Provides a ballpark estimate of how well 
the final, gage-adjusted flows match gage 
flows 

Presenter
Presentation Notes
Finally, there was a process done to randomly remove 20% of the gages to see how that affected the results. We had to do this to get an idea of how good the results of Step 5 are, because after the gage adjustment, all the flow estimates for gage flowlines are going to match the gage flows exactly. 



Streams symbolized using EROM flows: 

Presenter
Presentation Notes
So here is a picture of some of the results. There is a flow estimate for each one of the 2.7 million flowlines in the NHDPlus. In this map, we are using the flow estimate to set the line width, so you can easily see the flows in the stream network. 



Teaser… 

 
 
 USGS and the NHDPlus team have begun 

work on High Resolution NHDPlus based on 
HiRes NHD and 10-m NED/3DEP 
 
 … but that’s a topic for another day…  

 

Presenter
Presentation Notes
So just briefly I want to mention that we are developing NHDPlus now for the High Resolution NHD and with 10-meter elevation data. But we’ll cover that some other time. 



Hydrography Webinar Series—
Session 2 Agenda: 

 
 

1. Introduction 
2. NHDPlus Flow Computation and Analysis—

Al Rea 
3. The National Flood Interoperability 

Experiment (NFIE)—Ed Clark 
4. Discussion 

 

Presenter
Presentation Notes
So now let’s move on to the main presentation for today. Ed Clark is going to tell us about the National Flood Interoperability Experiment. 



NFIE PRESENTATION …  
 

Presenter
Presentation Notes
Ed is the National Flash Flood Service Leader in the National Weather Service Headquarters Forecast Service Division. Prior to joining headquarters he was a senior hydrologist at the Colorado Basin River Forecast Center in Salt Lake City.  Since joining the hydrology team at the National Weather Service headquarters he has led efforts on behalf of the Office of Hydrologic Development to scope and design the Integrated Water Resources Science and Service’s Interoperability and Data Synchronization capabilities, as well as planning for the NOAA National Water Center. 

Ed is also co-chair, along with me, of the Subcommittee on Spatial Water Data. 
�



U.S. GEOLOGICAL SURVEY 
HYDROGRAPHY 

WEBINAR SERIES 
 

SESSION 3 
 

JULY 30, 2015 
 

Presenter
Presentation Notes
Before we wrap up, I’d like to announce that the next session in our Hydrography Webinar Series will take place on July 30th. 



USGS Hydrography Webinar Series 

 
Closing 

 
Poll 

 
Recording and Presentations 

 
http://nhd.usgs.gov/HydrographySeminarSeries.html 
 

Presenter
Presentation Notes
Before you leave us, please take a moment to answer some short poll questions for us. It will help guide us as we design future webinars. Also, I’d like to point out that we will post the recording of today’s seminar, along with the slides from today’s presentations at the web site shown here. Please note that the URL is case-sensitive. Thank you all for joining us today. 
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