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Water Resources Issues

- Not enough (droughts)

- Too much (floods)

- Of wrong kind (water quality)

- In a wrong place (spatial distribution)

- At the wrong time (temporal distribution)



Focus on Surface Water Quantity

- How much water is there?

- Hydrologic modeling (precipitation-runoff modeling), determines for a given storm on a
landscape, how much water will become runoff.

- Where will it go?

- Hydraulic modeling takes the quantity of water and the shape of the landscape and stream
channel and determines how deep and fast the water will be, and what area it will cover.

- And thus we have “H&H”



Hydrologic Modeling

- Goal: Find stream discharge, Q, at a location for a given precipitation event.

- There are many ways to calculate Q.
- Statistical methods
- USGS regression equations (NFF, StreamStats)

- “Physical” modeling (rainfall-runoff models)
- HEC-HMS, SMS, etc.

- GIS is used to summarize terrain and hydrologic characteristics of the watershed
for input to a model.



Hydraulic Modeling

- Goal: Predict water surface elevations and velocities for a given discharge.

- There are many ways to do hydraulics (1D, 2D, different simplifications of St. Venant
equation, ...).

- GIS is used to summarize terrain and hydraulic characteristics of the channel for
input to a model and post process hydraulic modeling results (water surface
determination).



GIS for Hydro Modeling “Cycle”

- GIS is used for landscape
characterization and model
parametrization.

- Hydrology and Hydraulics (H&H) is
used for determination of flows, depths
and velocities.

- GIS is used for result postprocessing
and visualization.

- GIS and H&H modeling are closely
connected as one impacts the other

GIS for result
visualization and
floodplain
delineation

GIS for

landscape
characterization

Hydrologic
modeling

Hydraulic
modeling

... and many arrow in between



Core Capabilities:

- Introduction to Hydrologic Analysis in ArcGIS

- Overview of Hydrology tools and functions

- Hydrologic Analysis Workflows

- Ready-to-use hydrology services on ArcGIS Online (demo)



Introduction to Hydrologic Analysis in ArcGIS

- Hydrologic Analysis in ArcGIS is used to model the flow of water across a surface.

- What are the primary objectives of hydrologic analysis in a GIS?

- Extract hydrologic information and drainage system characteristics from a digital
elevation model.

- To know where the water comes from, and where it is flowing to.

Watershed

(Basin, Catchment, Watershed boundaries
Contributing Area) (Drainage divides)

Pour Points
(Outlets)




Hydrology Tools

ArcMap / ArcGIS Pro

Geoprocessing

Favorites Toolboxes Portal
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Fill

Fills sinks in a surface raster to remove small imperfections in the data.

- Remove smaller imperfections and noise in surface
raster.

- Remove larger sinks and pits in the terrain.
- Provide depth filter using Z-Limit.

P <

PPF enabled

Geoprocessing

® Fill

Parameters Environments

* Input surface raster

* Output surface raster

Z limit



Flow Direction: D8

Create a raster of flow direction from each cell to its steepest downslope

neighbor using D8 method.

Direction Cocing

4 NS Nl D

Elevation

D8 Method

Flow Direction

P <

PPF enabled

Geoprocessing
® Flow Direction

Parameters Environments



Flow Direction: D-Infinity

o
& QI’
Creates flow direction as the steepest downward slope on eight triangular facets PPF enabled

formBdlnfirdty bd¢istifidpmoedelingpdistribuitéchhydrologic processes, such as runoff
generation or erosion.

- Steepest
Column indices
j j+1 downslope
Proportion of flow to pixel. - -, 0 .
(Lpis afa a0, direction

flow to pixel
(-1, j+1) is
aI/-(u‘mZ).

Divergent flow:
flow proportioned
up to two
downstream

D-Infinity Method neighbors

Tarboton, D. G., (1997), "A New Method for the Determination of Flow Directions and Contributing Areas in Grid Digital Elevation
Models," Water Resources Research, 33(2): 309-319.



Flow Direction: Multiple Flow Direction (MFD)

& <

PPF enabled
- Better flow accumulation maps in low-relief areas

- Flow partitioning is adaptive to local terrain conditions.
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Qin, C., Zhu, A. X., Pei, T., Li, B., Zhou, C., & Yang, L. 2007. "An adaptive approach to selecting a flow partition exponent for a
multiple flow direction algorithm." International Journal of Geographical Information Science 21(4): 443-458.



Flow Accumulation

Creates a raster of accumulated flow into each cell. A weight factor can
optionally be applied. Select from D8, D-Infinity or MFD flow methods.
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Flow Distance

R

PPF enabled

- Compute vertical/horizontal downslope distance to streams
over single or multiple flow paths.

- Supports D8, D-Infinity and MFD algorithms for computing flow
distance.

G Flow Distance

- In case of multiple flow paths, minimum, weighted mean, or
maximum flow distance can be computed.

- Used in computation of Height Above Nearest Drainage (HAND).
Flooding occurs when water depth is greater than HAND.

Parameters Environments

v

Structure

Flood Depth v Height Above

1 Nearest Drainage
(HAND)

Normal Depth



Watershed

Determines the contributing area above a set of cells in a raster.

& <

PPF enabled

R B

Geoprocessing

® Watershed

Watershed boundary
Subbasin

Drainage divides

Parameters Environments

* Input D8 flow direction raster

* Input or feature pour point data

Stream network

Pour point field

Qutlets (pour points)

* Output raster




Hydrologic Conditioning Workflow

- Hydrologically conditioned DEM is a
surface raster whose flow direction
defines expected flow of water over
the terrain (DEM).

Flow Direction tool

.

Sink tool

'

Are there
any sinks?

i Yes

Fill tool

}

No fill required. Input DEM is

depressionless

Process




Watershed Delineation Workflow

Pour point

|

Flow Direction tool Vs Flow Accumulation tool
Want to snap,, '**

l pour point? '

No Snap Pour Point tool
Watershed tool

l

w‘ s :- ‘»'



Stream Network Characteristics Workflow

l Flow Length
tool a

Flow Direction tool

l = Stream Link
Flow Accumulation tool

tool

——

l

Con tool Stream Order
tool

Apply flow
accumulation
threshold

Stream to

Streams : Feature tool -

Process




ArcGIS Online

st using interactive maps. Work
lysis tools. Share

with smart, data-driven styles and intuitive analysi

Ready-to-use services
on ArcGIS Online:
Create Watershed &
Trace Downstream



Advanced Capabilities:

- Data sources and analyses nuances
- Arc Hydro
- Hydrologic and hydraulic modeling support with GIS



GIS Data for Hydrologic and Hydraulic Modeling

- Check out Esri’s Living Atlas (AGOL)

- Digital Elevation Model and land cover
- http://seamless.usgs.gov/

- https://lwww.usgs.gov/core-science-systems/ngp/national-hydrography/nhdplus-high-resolution

- Watershed boundaries
- http://www.ncgc.nrcs.usda.gov/products/datasets/watershed/

- Hydrography
- http://nhd.usgs.qgov/

- Soils
- http://lwww.soils.usda.gov/survey/geography/statsgo/



http://seamless.usgs.gov/
https://www.usgs.gov/core-science-systems/ngp/national-hydrography/nhdplus-high-resolution
http://www.ncgc.nrcs.usda.gov/products/datasets/watershed/
http://nhd.usgs.gov/
http://www.soils.usda.gov/survey/geography/statsgo/

GIS Data for Hydrologic and Hydraulic Modeling

- Current and historic water records
- http://waterdata.usgs.gov/nwis
- http://www.epa.gov/STORET/index.html
- http://his.cuahsi.org/

- Climate and precipitation
- http://www.weather.gov/gis/

- http://www.ncdc.noaa.gov/oa/ncdc.html

- Channel geometry (cross sections)

- H&H data are very “local”
- “You have to be there when it rains!”


http://waterdata.usgs.gov/nwis
http://www.epa.gov/STORET/index.html
http://his.cuahsi.org/dash.html
http://www.weather.gov/gis/
http://www.ncdc.noaa.gov/oa/ncdc.html

Elevation Data — Key Dataset

Resolution and extent

Projection (for hydrology — use equal area)

Source of elevation data (consistency)

Hydro conditioning of DEM
- Varies with the analysis purpose

- Floods
- Droughts

- Different morphologies
- Dendritic, deranged, combined




Workflows, Workflows, Workflows

- “Basic” dendritic preprocessing

Stream
segmentation

Fill sinks

Catchment grid

delineation Function

Alternative Proces:

Flow direction

Catchment
polygon
processing

Flow accumulation

Drainage line
processing

Stream definition

Adjoint catchment
processing

Alternative Processing

Alternative Processing

© . Burning streams

- Bowling lakes

- Fencing

Fill sinks (2)

Build walls

P

DEM
Reconditioning

Flow direction

Optional Function

Adjust flow
direction in lakes

Continue dendritic
processing with flow
accumulation function



Where is this Functionality?

4 &5 Terain Preprocessing
4 £ DEM Manipulation

Build Walls
Create Drainage Line Structures
Create Sinks for Line Structure
Create Sinks for Point Structure
Create Sink Structures
Create Synthetic Sinks

° COI'e capabilities: DEM Reconditioning

Depression Evaluation

- ArcMap/Pro Spatial Analyst Toolbox + s Hydology FilSinks

Basin Level DEM

- Tools in the Hydrology Toolset » Sink Evaluation

- ArcGIS Raster Functions o S

~
Flow Direction b &9 Vector QC

- ArCGIS Image Server Flow Distance Accumulate Shapes

Flow Length Adjoint Catchment Processing
Sink Adjust Flow Direction in Lakes
Snap Pour Point Adjust Flow Direction in Sinks

Stream Link Adjust Flow Direction in Streams
eam Link

- Extended capabilities:

sign CatType Attribute
., Stream to Feature 2 o

— Arc Hyd ro Tools “_ Watershed Catchment Grid Delineation

Catchment Polygon Processing

_ Arc Hydro Toolbox Combine Stream Link and Sink Link
Create Snap Data

- Arc Hydro Toolbar Drainage Line Processing
Drainage Point Processing
Flow Accumulation
Flow Direction
Link Sink Watershed to HydroJunction
Longest Flow Path for Adjoint Catchments
Sink Watershed Delineation
Stream Definition

Stream Segmentation




Brief History

1999 - 2002

- Project to demonstrate geodatabase capabilities in water resources.
- Worked with Dr. David Maidment at the University of Texas.

- Focused on the Arc Hydro Data Model.

- Released in 2002 as a data model, a toolset, and an Esri Press book
(Arc Hydro).

- Initial set of ~ 30 tools (8.3) developed by Esri (PS) as a complement
to the data model.

Hydro

et GIS forWater Resources




Brief History

Since 2003:

- Arc Hydro tool development through projects.
- This added ~300+ tools over the years.

- Tool maintenance (version updates, move to Pro, etc.).

- User support (Web pages, GeoNet, response to emails, etc.).
- https://community.esri.com/community/gis/solutions/arc-hydro

- Training classes (managed as standard Esri training and are delivered by PS).

- Arc Hydro Groundwater

- Added in 2007.
- Collaboration with Aquaveo and published Esri Press book (Arc Hydro Groundwater, 2011). Arc HYd g o)

et GIS forWater Resources

- Aquaveo provides extensions (fee) and support



https://community.esri.com/community/gis/solutions/arc-hydro

Vision

“Provide practical GIS framework for development of integrated
analytical systems for water resources market.”
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Community

Workflows

Data Model



Arc Hydro Tools Summary

Functionality Grouping

Administration Terrain preprocessing

- ID mgmt. - Streams
-QA - Sinks
- Configuration - Flow patterns

. . Watershed Watershed
L Atl
g Atlas delineation characterization

-W. h li i
LA CTIC DL - Watershed - Pollutant loads
- Downstream tracin
W ing - Sub-watershed - Impervious areas
- Floodplain delineation
plal ! : - Batch processing - Runoff characteristics

Scientific model
integration

Customer Specific

Floodplain

delineation
- Nebraska DNR - HEC-HMS

- USFS GRAIP-Lite - HEC-RAS - Streams - Built infrastructure
- lllinois DNR -ICPR - Lakes - Surface drainage

Forecast - Connectivity



“Why Should | Care” about Arc Hydro Tools?

- Economy of development

- Why reinvent the wheel?

- Established configuration methodology

- Established development framework
- Industry “standard”

- Established techniques rolled into a publicly available utility
- Training and support

- Free



Arc Hydro

Demo




Hydrologic and Hydraulic Modeling Support with GIS:

- Hydrologic modeling:
- Statistical hydrology - StreamStats

- Hydraulic modeling:
- Floodplain delineation



How “Things” Build Up

- Database design
- Data preparation

- Terrain preparation
Generic

- “Watershed” delineation (Arc Hydro)

- “Watershed” characterization

- Parameterization

Semigeneric

Model Specific



Regression Equations

- Used to estimate streamflow statistics, both high and low flows, for ungaged sites
(in uncontrolled flow environment)

- Relate streamflow statistics to measured basin characteristics

- Developed by all 48 USGS districts on a state-by-state basis through the
cooperative program (usually sponsored by DOT)



Example Regression Equation

- Regression equations take the form:

Qo0 = 04717 A0.715 * [F0.827 * GH0.472

- Where
-A is drainage area, in square miles
-E is mean basin elevation, in feet

- SH is a shape factor, dimensionless



Basin Characteristics Used for Peak Flows

Drainage area or contributing drainage area (square miles)

Main-channel slope (feet per mile)
Mean annual precipitation (inches) “

Basin characteristic HEISED BT
this (including PR)

Surface water storage (Lakes, ponds, swamps)
Rainfall amount for a given duration (inches)

Elevation of watershed

Forest cover (percent)

Channel length (miles) _

e I R
ot s oo o ioaporde) | 7|
e I R
el o ot O L

Runoff coefficient

Drainage frequency (number of first order streams per sq. mi.)

Mean annual runoff (inches)

Normal daily May-March temp (degrees F) —

Impervious Cover (percent)

Annual PET (inches)

... and many others




Role of GIS

- Speed up the process (instead of hours, minutes).
- Provide a common (single) access to the methodology (for users and maintenance).
- Systematize methodology and datasets used in the process (repeatability).

- Provide better tools for deriving characteristics for regression equation
determination.

- Provide a map-based user interface.

- Web and desktop implementation are based on Arc Hydro.



StreamStats Implementation Activities

- USGS lead effort
- State-based
- ArcGIS Server technology

July 2018

- Hosted in Denver
- Extended functionality

Source: https://streamstats.usgs.gov/ss/

[ Fully implemented

[I7] Delineation and basin characteristics only

[ Undergoing implementation
Not participating




StreamStats
Demo

https://streamstats.usgs.gov/ss/




StreamStats Demo

Report

Enter a raport title and/or comments hera that w play on the printed |

Some comments hera

StreamStats Report

Region ID:

Workspace ID:

Clicked Point (Latitude, Longitude):
Time:

Charactenstics

Parameter

Code Parameter Description

DRNAREA Area that drains tc a point on a stream

PRECPRISID Basin average mean annual precipitation for 1881 {0 2010 from

PRISM

Peak-Flow Statistics Parameter

Parameter Code Parameter Name Value Units

DRNAREA DOrainage Area 0182 square miles

PRECPRIS10 Mean Annual Precip PRISM 1981 2010 254  inches

Peak-Flow claimers:

45.47590
201¢-07-06 17:32:22 -0700

&
3

Peak-Flow S cS Paramets:

Parameter Code Parameter Name value Units

DRNAREA Drainage Area 0.92

PRECPRIS1O0 Mean Annual Precip PRISM 1981 2010 254 inches

Disclaimersses

Peak-Fl ics Flow Reportres

Statistic

1.25 Year Peak Flood
1.5 Year Peak Flood
2 Year Peak Flood

2 33 Year Peak Flood
5 Year Peak Flood

10 Year Peak Flood
25 Year Peak Flood
50 Year Peak Flood
100 Year Peak Flood
200 Year Peak Flood
500 Year Peak Flood
Peak-Flow Statistx ati
Wood, M.S., Fosness, R.L

stalls
Geological Survey Scientific Investigations Report 2016~5083, 56 p

square mi

Min Limit  Max Limit
8.63

30.6

Skinner, K.D,, and Vellleux, A.G.,2016, Estimating peak-flow frequency
s for selected gaged and ungaged sites in naturally flowing sireams and rivers In Idaho: U.S

v does riot Wmply endossemient b




Hydraulics:
Floodplain Delineation



Pin2Flood

Demo




Floodplain Delineation Solutions Matrix

- Different levels of complexity are
possible/needed to determine flood
extents

- Simple:

- “Flooding out” based on DEM, stream
centerline, and point data (fixed depth,
incremental depth, observed
measurements, modeled flows at points
and conversion to WSE)

- HAND approach (constant depth of
flooding per reach)

Flood Depth

Normal Depth

Stream Bed

Address Point

Height Above
Nearest Drainage
(HAND)




Flood Inundation Mapping — NHDPlus-HAND Method :

Water surface elevation

NHDPlus

h
z
Geodetic datum

Height Above Nearest Inundation map
Drainage (HAND) Height above
(relative elevation of land drainage < 15 ft)
surface cell above cell in

NHDPIus stream to which it flows)

David R. Maidment, UT Austin



Landscape characterization

- Streams
- DEM alignment and thalweg adjustment
- Longitudinal WSE interpolation based on point values

- Cross-sections/reach
- Characterization: h, A, B, P, R curve

- Synthetic rating curve (based on normal depth with n
and S, assumption)

- WSE Interpolation

5781175 3

S781175 4

— A, Surface Area

V Volume

v
A= I Cross Section Area

A

P==! Wetted Perimeter

T=2 Top Width

R= % Hydraulic Radius

- Floodplain (for incremental or specific stages) TN 2N NN S S S-S S__{_—_—

- Depth of flooding

_ i
Water surface elevations
- Flood extent [aso| eeees| 36|  iomea|  2ee36| 69| 287a7| 262665

1452 1659.46 28915 20404 1877 3823.5



Floodplain Delineation Solutions Matrix

- Less simple:

- Same as above, but using cross-sections
to control lateral distribution of water
surface elevations along the stream
centerline




Floodplain Delineation Solutions Matrix

- More complex:
- 1-D hydraulic modeling in operational mode (complexity in data collection)

- 1-D hydraulic modeling in design mode (for fixed flood frequency — design discharges
derived using statistical methods)

- 1-D hydraulic modeling in design mode (for fixed flood frequency — design discharges
derived using deterministic methods)
- Most complex:
- Fully integrated 2-D hydrologic and hydraulic modeling



Simplified Floodplain Delineation Tools

- Support for floodplain analysis
- Real-time (observed, forecasted flows)
- Planning (flood frequency)
- Facilitate landscape characterization for
floodplain analysis
- Streams
- Cross-sections
- Floodplain

- Floodplain delineation
- Points
- Cross-sections
L - From models




Tools

(= & Cross-Section Characterization
&= Assign Hydrology River Properties to Cross-section
& Assign River Slope to Cross-section
& Calculate 3D Cross-section Characteristics
& Calculate Manning's N for Cross-section
5 Calculate Normal Depth
& Calculate Potential Q
&9 Define 3D Cross-section from 2D

- Organized in several AH
toolsets (most in “H & H
Modeling” and “Utility”)

- ~ 35 tools

= & H & H Modeling

[+ & GeolCPR

# & Green and Ampt
[+ & Streamstats
# & Time of Concentration
& & Utili

= & Floodplain Delineation
&' Calculate WSE for Selected Model
e Create 3D Stream WSE Line
@9 Create 3D WSE Stream Line Grid
e Derive BFE - no smoothing
@9 Derive BFE - with smoothing
@a Derive Extended BFE - No Smoothing
5" Find Intersect Points
Flood from Cross-Section
& Flood from Stream WSE Py
&' Interpolate WSE at Cross-Sections
& Merge Cross-Section Feature Classes
& Select WSE To Process

= @ Arc Hydro Tools.tbx
[ &+ Arc Hydro Setup
[ & Attribute Tools
[ & GIS Data Exchange

= & Utility
# & Support

“ Create Thiessen Polygons
reate Unit Patch By Near Neighbor Method
&' Create Zone By Distance

5’ Create Zone i Distance From Raster

“\ Export Data Cart to XML
&' Feature Class To Batch FC
“ Generate Processing Units
“ Intersect Areas

“ Terrain Profile

“ Weighted Average

[+ & Network Tools

[# & Point Characterization

[ & Terrain Morphology

[ & Terrain Preprocessing

[ & Terrain Preprocessing Workflows

= & Map to Map
* Export to DSS
@ Flood From Stream WSE
&9 GeoRAS to Flood
@ HMS to GeoRAS
“ Import from DSS
&

[+ & Watershed Processing

%, SDF to XML
e Stream WSE From Point WSE Measurements
“ Update RAS Flow




Map2Map (rainfall to floodplain)

Flood map

as output

Model for
flood flow

for flood

Nexrad rainfall map as input depth




Complex H&H Conditions

2016:8:31:6.000 : 116.00

\ ICPR4 Model: Cross Bayou - Mariners Cove Area

1\ Flood Depth Animation: T.S. Hermine (Aug 31 — Sept 1, 2016)
©2013, Streamline Technologies, Inc.



Summary

- GIS provides many capabilities for support of hydro analyses
- Integrated, multi-purpose database for storage of H&H and related data

- Consistent methodology for spatial data processing and analytical functionality,
such as terrain processing, watershed delineation and characterization

- Pre- and post-processing for H&H models significantly reduces time for data
preparation for modeling support

- Needs approach to GIS as an analytical technology.



Summary

- Easy evaluation of alternatives

- H&H model integration and automation
- Operational and change in conditions

- Environment for integrated solution management:
- Emergency management
- Design
- Decision support

- Leverage existing online templates for information augmentation and result
publishing

- E.g. identify affected people in a floodplain and present the information through operations
dashboard or story map
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Please Share Your Feedback in the App

Denilese (e ETQ’” Select the session Scroll down to Log in to access the Complete the survey
Events app and find

your event you attended “‘Survey” survey and select “Submit”
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GIS Data Reviows roductic Title and Deseription Consistant with Contant

Poot Excollont

Wiell Organired/Clear Presentation

Poor Excollont

2l 10, 8:30 AM < 9:30 AM

19, 08:30 AM - 09:30 AM

Public Speaking Skills

Poor Excallont

The content of the workshop was relevant to




