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Elevation Data

¢ We want to use elevation data to map watershed boundaries and see
the interactions along the surface to the water.

e DEMS come from spot heights from the topo maps which were
surveyed locations, most quad maps had about 10-20 points to use.

e Scale of 30m DEMS are really about 1:40,000 scale not 1:24,000.

e The hypsography from the 1:24K topomaps which are the elevation
lines could be called a true 1:24,000 scale data source.

e The hypsography interpolated to create a surface of elevation gives
us ~ 10m DEMS which we will use today.

e The National Map viewer provides a good interface for getting
elevation data.

¢ It helps to have a good reference of background layers to orient an
locate your study area of interest in the National Map viewer.

e Once data is downloaded, be sure to note that data is in dd, not good
for measurements such as shape, area, distance and direction.

e Projections minimize distortions so we need to use one here and
project this unprojected data, dd geographic is a coordinate system
but not a projection.

e Also, the data is floating point which is not needed, takes up too
much space, runs slower, etc so we need to convert it to integer. We
don’t care about .XX values.

e Since data values are in meters, we should pick a projection like UTM

in which the base measurements are in meters.
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e Also, the cell size is a funny 9.259 value in which we should round up
to 10 during the projection.

¢ A hillshade provides a good background for seeing topography.
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GIS in Watershed Analysis

e This lecture focused on concepts, important datasets and analysis
tools.

e Regional stressors in the US are linked to overland flow water
pollution.

¢ Humans impact the landscape in many ways.

e EPA watershed framework has legislative roots in the Clean Water
Act of 1972.

e Watershed cataloging units are nested by scale.

¢ Need exists for a one to one relationship between streams and
watersheds.

e Watersheds and catchments can be defined differently based on flow
through components.

e GIS use in the hydo cycle is mainly focused on the overland flow
runoff relationship.

e Terrain or elevation plays a big role in many GIS analysis with
hydrological modeling.

e Watersheds are the key unit of analysis for examining water quality
iIssues.

e Scale issues require us to delineate smaller watersheds for local
Issues.

e Limitations exist in the static snapshot of data, older elevation grids

and a narrow view of only looking at surface interactions.
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Interpolation for Fishery Habitat

e The goal is interpolation is to generate the most accurate surface
using sample point data as input and to characterize the error and
variability of the predicted surface.

e The options include deterministic methods (inverse weighted
distance, global polynomial, local polynomial, and radial bias
functions.

e Kiriging has both deterministic and statistical functionality.

¢ Unlike the deterministic methods, geostatistics assumes that all
values are a result of a random process with dependence.

e Itis important before any interpolation to explore your data to gain a
better understanding of the data, to look for obvious errors in the
input sample that may drastically affect the output prediction surface,
to examine how the data is distributed, and to look for global trends.

e After an interpolation is done, it is important to perform cross
validation. The purpose is to help you make an informed decision
about which model provides the most accurate predictions. An
accurate model will have:

0 An accurate model will have:

0 Mean error should be close to O

o The root mean square error and average standard error should
be as small as possible

o0 The root mean squared standardized error should be close to 1
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Multi-Criteria Analysis

e MCA is used in adaptive watershed management by giving users a
framework for prioritizing or ranking alternatives.
e |tis a bottom up approach as compared to top down by including the
ability to weight criteria inputs in the model by decision makers.
e The general framework of ranking or prioritizing studies for adaptive
watershed management include the following:
o0 Define the problem or goal
o Decide on evaluation criteria
Normalize and create utility scales

Define weights for criteria

O O O

Calculate a ranking model result
o Evaluate result and perform sensitivity analysis

e Weighting methods vary by their accuracy, ease of use,
understanding of decision makers, and theoretical foundation.

e Compromise programming is similar to goal programming in that it
uses the concept of minimum distance.

e The preferred alternative has the minimum Lp distance value for each
p and weight set that may be used. Thus, the alternative with the
lowest value for the Lp metric will be the best compromise solution

because it is the nearest solution with respect to the ideal point.

Page 1 of 3 Multi-Criteria Analysis





Watershed Analysis & Hydrological Modeling CSP7306 2014
U.S. Fish & Wildlife Service National Conservation Training Center

Student Notes:

Page 2 of 3 Multi-Criteria Analysis





Watershed Analysis & Hydrological Modeling CSP7306 2014
U.S. Fish & Wildlife Service National Conservation Training Center

Student Notes:

Page 3 of 3 Multi-Criteria Analysis





		Multi-Criteria Analysis




Watershed Analysis & Hydrological Modeling CSP7306 2014
U.S. Fish & Wildlife Service National Conservation Training Center

National Hydrography Data (NHD)

e The NHD data model includes many linkages to attribute tables,
feature classes, hydrological units, and feature domains.
¢ NHD is the national spatial data standard for mapped surface water
resource data.
e NHD datasets (geodatabase format) available from USGS at:
http://nhd.usgs.gov.

e Uses of watersheds and flow-based modeling include:

o Compile statistics for stream based on land cover in
contributing area upstream

o Can compile cumulative watershed statistics

o0 Can select upstream or downstream watersheds for any
location

e NHDPIus is an enhanced version of the 1:100,000 “medium”
resolution National Hydrography Dataset. The NHDPIus is created
and maintained by Horizon Systems Corporation with support from
the EPA and USGS.

e There are two versions of NHDPIus: NHDPIus Version 1 (which is
still available, but archived) and NHDPIlus version 2. Recommend
using/downloading NHDPIus version 2. The unique feature IDs and
catchment boundaries have changed between the two versions, so

they are NOT compatible.
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Potentially Affected Streams

e Overland flow non point source pollution is the number one water
guality problem in the majority of US waters (EPA, 2010)

¢ Almost 20% of the streams are impaired and not meeting designated
uses

e Sources include mine drainage, leaking or overflowing sewage
systems, illegal homeowner discharges, runoff from agriculture and
urban areas

e Basic ArcGIS steps include acquire sources of pollution, convert to
raster, use the weighted flow accumulation command with the
sources as a weight, raster output, provide flow path analysis .

e Can use land cover from NLCD or digitized features from imagery, or
point features loaded into ArcMap.

e The result gives us the flow paths across the landscape. This can be
altered to just show or calculate the instream paths to give an overall
watershed stream % of impact.

e We can plan for runoff by examining overland flow paths.

e Some of the hydrological limitations are that the method does not
consider any overland flow buffers, assumes all runoff from site finds

its way to stream.
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Processing Elevation Data

e The reason we process elevation data for hydro work is because of
limitations in dates, it is static, does not evolve, matching to linear line
work due to scale, processing errors, interpretation errors, lack of
ground truth, and artificial versus real peaks and sinks.

e Line work or streams comes from the USGS hydrography website.

e High resolution NHD is the 1:24K linework.

e Braids or artificial paths from NHD will not match the elevation data.

e Sinks are depressions in the DEM where water gets trapped, it
prohibits calculating future flow direction grid values.

e A sink occurs when all neighboring cells are higher than the
processing cell, sometimes they are natural features!

¢ Flow direction assigns values to overland flow from the elevation
surface.

¢ Flow accumulation allocates each cell with a drainage area total from
the flow direction grid.

e The number of FAC cells multiplied by the cell size squared provides
drainage area in meters squared.

e “Burning in of streams” to the DEM should only be done of mapping
purposes and not for modeling true overland flow paths from the
elevation.

e Matching drainage area to the start of streams can only be best done

with field work calibration.
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Runoff Grid Creation

e We are going to create a grid based surface in which each cell
represents runoff transport.

e Runoff can be used for estimating stream flow.

¢ Runoff is used to calculate loadings and concentrations of water
quality.

e A precipitation grid is needed that has 30 year average annual values
in mm/yr.

e The cell sizes of the precipitation grid should be resampled to match
the grids for flow direction.

e Cell sizes, snap raster, mask and extent have to be consistent with
other grids.

e Converting the precipitation grid to floating point can preserve values.

e A runoff grid in which .655474 is multiplied by the precipitation in
mm/yr gives a general value for WV watersheds based on previous
studies.

e To get cumulative yearly runoff the weighted flow accumulation
command is used with the runoff as the weight grid. A multiplication
factor of .1 is used for 10m cellsizes, .4 for a 20m cellsize, or .9 with a
30m cellsize.

e To calculate estimated flow in cfs we use a conversion which
multiplies the cumulative runoff (which is in meters cubed per year)
by the number of cubic feet per cubic meter (35.2875) and divide by
the number of seconds per year (31557600). For estimated flow

display, the item grid-code will have the flow in cfs values.
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Stream Flow Estimation

e Reasons for doing include that gauges don’t exist on every stream, it
Is important for water quality modeling, permitting discharge sites,
has biological importance, recreation, flood forecasting, influenced by
human factors, more USGS gauges are now off-line.

e Drainage area weighting is the main technique described in this
lecture. More advanced ones later.

e USGS gauges can be used as a reference site.

e Only 1.5to .5 or at most .3 of the gauged values can be applied
elsewhere in the watershed.

e Itis important to map or show the drainage area ratio extent limits.

e Some of the hydrological limitations of this approach are the lack of
interception, evapotranspiration, baseflow from groundwater, and the

distribution of a rainfall event.

It is also limited to natural systems, no dams or impoundments.
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Summary of Monday

e Importance of understanding limitations with GIS and hydrological analysis in
respect to the hydrological cycle.

e Elevation is the key dataset for gis people doing hydro analysis

o Difference between hucs and watersheds

e Get a 1/3 arc second dem or 10m dem, project it, convert to Int, specify the 10m
cell size, clip with a 200m buffered study area.

e We didn’t burn in 24k streams to our 10m dem due to the difference between
where the elev said was a stream and where the vector data was.

e Fill, fdr, fac, watergrid, thin, burn in watergrid, fill2, fdr2, fac2, watergrid2

e All watersheds are hucs but not all hucs are watersheds

e Need to delineate watersheds at points or segments

e Importance of setting the snap raster on env settings.

e Watersheds and flow paths provide a good visual management tool.






Summary of Thursday

e The first thing we noted was an update water quality modeling lecture with better
explanation of the conversion factors using EMC grid values.

e Using statistical analysis we examined if the weights from the groups of the class
could be combined into one overall weight set.

e The non parametric Chi square test examined the Ho that the data was from the
same population or not (if from the same population then we could combine the
group weights into one overall weight).

e The compromise programming algorithm was run with the combined weights to
rank order all of the 12 digit hucs in the watershed. After we ran the algorithm in
Excel we exported the identifier for the watersheds with the final rank out to
ArcMap to be joined to the shapefile.

e Mark showed us how to create a KML file for use in Google Earth by using
Xtools, it could also be done with the conversion tool form ArcToolBox.

e The terrain analysis input can NOT be the filled dem2 which had the burned in
streams. We used fildem effectively.

e Moisture indices and concavity/convexity can be run in ArcMap to show where in
the watershed has more or less complexity than others.

e Soils data viewer using ESRI map server is a great way to access soils data.

e Geomorphology and terrain metrics toolbar from Jeff Evans at Spatial Ecology
provides varied tools for better understanding terrain differences.

e One of the tools we ran from class was the roughness index. All of his tools have
appropriate legends.

e Interpolation allows us to model cell values where we don’t have values.

e Exploring data for trends, normality, outliers and spatial autocorrelation should be
done to find create better interpolated surfaces.

e The upside down U indicates a need for a second order polynomial model.

e Use models that have Adjusted Mean Square Errors of .8 or higher (range up to
1.0).






Summary of Tuesday

e Stream flow estimation with the drainage area ratio method is a quick and easy
application once you have drainage area FAC grid and a known gauge site with
flow.

e Applications to areas 1.5 to .3 of the known gauge

e Statistical analysis of hydrological data, R code for retrieving and analyzing
USGS gauge data.

e We created a spatially explicit runoff grid from PRISM 30yr annual average
precipitation in mm/yr.

e The relationship was developed using flow in mm/yr on an annual basis.

e 65% of the rainfall annually flows off the cell and can be accumulated throughout
the watershed providing for us annual average streamflow.

e We were within 11% or were 89% correct in predicting our value of 479 cfs to
421 for the Big Sandy Gauge. This made us feel good about potential work in
using the cumulative runoff grid for WQ modeling.

e Mapping potentially affected streams is done with the weight grid in the FAC
command. The weight can be any overland flow disturbance you want to show

the path across the landscape.






Summary of Wednesday

¢ Showed a current event of lava flow using a steepest path across the landscape
map.

¢ Many assumptions exist with our landscape based approach to WQ modeling.

e Many differences exist between landscape WQ models as compared to instream
WQ models.

e Best to pick EMC loading values for watersheds near where you are working if
possible. If not, then choose similar geology, soils, and conditions.

e Cross walk was needed between NCLD cover classes and our EMC classes.

e Remap tables can help in the reclassification to minimize errors.

e There are three ways we can use this landscape based approach for modeling
water quality: (1) with EMC loading values for land cover to predict
concentrations, (2) with instream sampled water quality to examine loading
downstream, (3) to track and analyze point source discharges for sites off
streams.

e Time of travel was calculate using drainage area, slope, mannings n as inputs
with some constants for velocity and hydraulic radius.

e Allow the scratch workspace to go to a geodatabase for the MNDNR time of
travel tool to work.

e Multicriteria analysis for criteria weighting can be done with rating, ranking and
pairwise comparison techniqgues which differ greatly in theoretical foundation.

e Rating and Ranking methods help us be more consistent in responses for
pairwise comparison.

e | provided a spreadsheet which allows 5 criteria weighting and tests for

consistency.
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Terrain Analysis

e Many factors with the terrain affect watershed processes which
include watershed configuration, topography, geology, surface
culture, structures.

e Moisture index can show relative areas of high water accumulation to
flat areas. Has been used as a proxy for hydric soils and potential
wetland areas.

e Curvature with convexity and concavity is related to moisture but
different in that it provides more regional perspective and analysis of
topography.

e A cost distance approach can be better than a set buffer width when
delineating riparian areas.

e SSURGO data can now be easily downloaded and related to tables
using the ESRI map viewer and download.

e There are many terrain analysis toolsets available to use and run in
ArcGIS with spatial data.

e Terrain roughness can be used to help calculate mannings n
numbers for watersheds and streams.

e The challenge in using many of the terrain analysis tools is relating
them to an endpoint while balancing functions of scale.

e A very good use and application of terrain tools is to explore the data

to see and determine variables that were not obvious.
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Time of Travel

e WYV experience a major chemical spill on the Elk River polluting the
drinking supply of the City of Charleston, WV.

e There is a national source water protection program that all states
define and establish.

e Time of travel is integral to all the calculations.

e Critical variables include drainage area, reach slope, mean annual
river discharge, discharge at time of measurement, and peak velocity.

e MN DNR has created an ArcGIS toolbox which enables time of travel
equations with mannings n for each stream segment.

e Mannings n depends on surface roughness, vegetation, and channel
irregularities, degree of meander, obstructions, size and shape of
channel.

e Hydraulic Radius is calculated using: (X)a + Y where: X = hydraulic
radius factor 1 (User setting, 0.0032 default) a = drainage area in
square miles (calculated from low Accumulation) Y = hydraulic radius
factor 2 (User setting, 1.7255 default)

e Velocity is calculated as: vel(feet/second) = (1.49 * Hydraulic
Radius™0.667 * slope”0.5) / Mannings N

e Travel Time across individual cells is calculated as:

¢ Once travel time across individual cells is known then Travel Time is
calculated for each cell to the outlet of the basin using the
FlowLength command using the cell-based travel time grid as an
impedance factor and the DOWNSTREAM option.
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Water Quality Modeling

e The general approach is to use loading values form land cover to
estimate expected values in the stream as loadings over the year.

e The expected values come from calibrated field studies in which an
acre of land is studied and measured to determine the amount of total
suspended solids, nitrogen, and phosphorous runoff during a year.

e Cumulative runoff grids from the earlier lecture and lab describe the
data input in more detalil.

e There are many assumptions of this modeling approach that should
be noted:

o Streams have uniform width, depth, roughness

o Same ecological rate constants (re-aeration rates, pollution
decay rates and sediment oxygen demand rate)

o Transport of pollutants is considered to be conservative (values
get averaged over changing flow conditions only) -> no loss or
decay of pollutants is considered

e Other limitations of this approach include:

o Does not consider infiltration, interflow, or ground water flow
additions

o Does not include atmospheric conditions such as temperature
or evapotranspiration

0 Uses mean annual runoff and flow measures with one time
water quality sampling data (must match sampling to normal

flow conditions or calibrate flow to time of sampling)
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Watershed Delineation

e Watershed and HUCs are different based on the drainage they
include.

e Watershed delineation includes an automated process in which we
can delineate by targeted areas in stream as pour points, by
segments with each segment getting a catchment, and off stream
delineation.

e Pour points have to be located on the raster stream delineated
locations.

e The stream link command allows us to assign a unique identifier to
each stream segment for watershed delineation.

e Off stream delineation requires smaller stream channels to be
identified first for reference.

e The watershed identifier is always assigned a value from the input of
the source pour point.

e Cumulative watershed analysis is required when catchments do not
include the entire upstream drainage. This is common in many HUC
delineations.

e Most watersheds smaller than 250 acres in size will require using
elevation data to delineate.

e Lidar data creates many additional issues with drainage delineations

due to scale intensity.
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