Viewing a NFIE-Hydro Database for Travis County
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Introduction

The National Flood Interoperability Experiment (NFIE) is being undertaken by the academic community
and the National Weather Service and its federal partners to demonstrate how a high spatial resolution
flood forecasting system for the United States could be developed at the National Water Center, newly
opened on the Tuscaloosa campus of the University of Alabama. It is assumed that this new system will
cover the continental United States and be based on a high spatial resolution geospatial database that is
being assembled to support the NFIE by federal agencies coordinated by the Subcommittee on Spatial
Water Data.

In a previous exercise, a geodatabase called NFIE-Geo was created for Travis County, Texas, to provide

the geospatial underpinning for this work. In this exercise, a sequence of steps needed to obtain the
data to run the NFIE-Hydro forecasting model are presented. This exercise requires the use of the
ArcGIS geographic information system, version 10.2.2. This exercise does not involve running NFIE-
Hydro, but rather looking at the data files that are used at each step in that process.

The base data for the exercise are in a zip file of size 344 MB at:
http://www.caee.utexas.edu/prof/maidment/CE397Flood/NFIEHydro/NFIEHydro.zip Obtain this file
and unzip it. You'll find two folders, one the NFIEGeo geodatabase developed previously, and a second

one called Resources that contains the information to be added in this exercise.


http://www.caee.utexas.edu/prof/maidment/CE397Flood/Assignment2/NFIEGeo.pdf
http://www.caee.utexas.edu/prof/maidment/CE397Flood/NFIEHydro/NFIEHydro.zip

. NFIEGeo.gdb 2/16/2015 3:39 PM File folder
| Resources 27162015 3:40 PM File folder

The Resources folder contains three items:

. HRRR 2/16/2015 3:39PM  File folder
. RAPID 2/16/2015 340 PM  File folder
I WRF-Hydro 2/16/2015 345 PM  File folder

HRRR is the High Resolution Rapid Refresh weather model describing the atmospheric circulation
WRF-Hydro is the hydrologic modeling system which converts precipitation to runoff on the land surface
RAPID is the streamflow routing system that moves the flow through the stream and river network.

Extract this information from the zip file and place it in a directory of your choice that will be called in
this exercise script Ex3/Data.

Base Map

Open ArcMap and from the NFIEGeo geodatabase, add the Boundary, MFlowline and Catchment
feature layers to your map and symbolize each appropriately. Use the attribute Natur_Flow to get the
variably sized streams in the MFlowline feature class.
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Atmospheric Forcing

The Unidata program within the University Corporation for Atmospheric Research (UCAR) has a mission
to “provide data services, tools and cyerinfrastructure leadership that advance earth system science”®.
The Thematic Realtime Environmental Distributed Data Services (THREDDS) Data Server is a server
deployment created by Unidata to distribute scientific metadata and data using a variety of remote
access protocols such as web services. In practice, THREDDS servers are commonly used to distribute
large quantities of gridded data stored in netCDF or other similar data formats (e.g. GRIB, HDF).
Although this is common practice, THREDDS servers can also be used to distribute irregular gridded data
stored in netCDF such as gaged streamflow. In order to take advantage of all the functions offered by
THREDDS, it is important for datasets to comply with Climate and Forecast Conventions (CF
Conventions). CF Conventions, among other things, provide a standard naming convention for observed
phenomena to ensure that scientists across the world are referring to the same. For example, Scientist A
could refer to surface pressure as “surface_pressure” in units of Bar whereas Scientist B could refer to it
as “pressure_surface” in units of Pascal. CF Conventions are a collaborative effort to eliminate confusion
within datasets that are widely shared.

L http://www.unidata.ucar.edu/about/



The Earth System Research Lab (ESRL) within NOAA, is an entity that leverages THREDDS to distribute
scientific data such as model outputs from the High Resolution Rapid Refresh (HRRR) model. The HRRR
model is an operational atmospheric model used by NOAA to forecast atmospheric phenomena over the
continental US. The HRRR model is high resolution in that its’ resolution in space is 3 km and resolution
in time is 1 hour over a 15 hour moving forecast window. Although the HRRR model is run every hour,
some of the model outputs are updated every 15 minutes. Below is the link to the ESRL THREDDS
catalog containing HRRR model outputs:

http://esrl.noaa.gov/gsd/thredds/catalog.html

You will see a set of folders one of which called “hrrr”. You’ll also notice a “13kmruc” folder and a “rap”
folder. These folders contain model outputs from the Rapid Update Cycle (RUC) model and the Rapid
Refresh (RAP) model; both used previously by NOAA as operational atmospheric models. Both the RUC
and RAP have now been replaced by the HRRR. Within this implementation of THREDDS, ESRL
distributes HRRR model outputs for the previous day.
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Access HRRR data:

(1) Click on “hrrr” folder.
(2) Click on “wrfnat” folder under “conus”. The complete link to this folder is below:

http://esrl.noaa.gov/gsd/thredds/catalog/hrrr/conus/wrfnat/catalog.html

(3) The “Forecast Model Run” folder contains HRRR model outputs for each HRRR run in the
previous day; each dataset is named by the date and time (UTC) of the model run date.


http://esrl.noaa.gov/gsd/thredds/catalog.html
http://esrl.noaa.gov/gsd/thredds/catalog/hrrr/conus/wrfnat/catalog.html

| ! & Catalog http://esrlneaa.g x \
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Dataset

a Forecast Model Run
wrfnat RUN_2815-@2-15T22:00:807
wrfnat RUN_2015-©2-15T721:00:80Z

wrfnat RUN_2015-82-15T20:00:007

wrfnat RUN 2815-02-15T19:00:807

wrfnat RUN_2815-@2-15T18:00:80Z

wrfnat RUN_20815-82-15T17:00:867

wrfnat RUN 2815-02-15T16:00:807

wrfnat RUN_2815-@2-15T15:00:887
wrfnat RUN_2015-02-15T14:00:80Z

wrfnat RUN_2015-62-15T12:00:0807

wrfnat RUN 2815-@2-15T11:09:807

wrfnat RUN_2815-©2-15T10:00:80Z

wrfnat RUN_20815-82-15T09:00:0807

wrfnat RUN 2815-02-15T08:00:807

wrfnat RUN_2815-@2-15T07:00:887
wrfnat RUN_2015-02-15T06:00:80Z

wrfnat RUN_2015-62-15T05:00:007

wrfnat RUN_2815-@2-15T704:00:807

The “Best Time Series” stitches together the “0-hour” forecast of each model run output within
the THREDDS server and the latest forecast. This is called the “best time series” because it is
theoretically the best modeled output through time over the previous day. Click on “Best Time
Series”.
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(4) There are several remote access protocols on this page. Click on the link next to “NetcdfSubset”.
The complete link to this dataset is below:

http://esrl.noaa.gov/gsd/thredds/ncss/grid/hrrr/conus/wrfnat/wrfnat_best.ncd/dataset.html



http://esrl.noaa.gov/gsd/thredds/ncss/grid/hrrr/conus/wrfnat/wrfnat_best.ncd/dataset.html
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€« C | [ esrl.noaagov/gsd/thredds/catalog/hrrr/conus/wrfnat/catalog.htmi?dataset=hrrr/conus/wrfnat/wrfnat_bestncd

@ ESRL/GSD TDS
THREDDS Data Server

+ Data type: GRID
« ID: hrrriconus/wrfnat/wrfnat_best.ned

Documentation:
« summary: Best time series, taking the data from the most recent run available.
Access:

OPENDAP: /gsd/thredds/dodsC/hrrr/conus/wrfnat/wrfnat_best.ncd
WMS: /gsd/thredds/wms/hrrr/conus/wrfnat/wrfnat_best.ncd

WCS: /gsdithredds/wes/hrrr/conus/wrinat/wrfnat_best.ncd
NetcdfSubset: /gsd/thredds/ness/grid/hrr/conus/wrinat/wrfnat_best.ned
180: /gsd/thredds/iso/hrrr/conus/wrfnat/wrfnat_best.ncd

UDDC: /gsd/thredds/uddc/hrrr/conus/wrfnat/wrfnat_best.ncd

NCML: /gsd/thredds/ncml/hrrr/conus/wrfnat/wrfnat_best.ncd

N AW -

(5) On this page you will see a list of variables contained within the HRRR model output. On the left
you can select any of the variables you are interested in. On the right you can subset the data in
space by lat/long coordinates and time (UTC). To run the Noah-MP model using the WRF-Hydro
framework, we need eight variables from the HRRR model output:

e Radiation_surface (W/m?)

e Pressure_surface (Pa)

e Specific_humidity_height_above_ground (kg/kg)

e Relative_humidity_height_above_ground (%)

e Temperature_height_above_ground (K)

e u-component_of_wind_height_above_ground (m/s)
e v-component_of wind_height_above_ground (m/s)
e Precipitation_rate_surface (mm/s)

Note: The “Radiation_surface” variable represents incoming shortwave radiation. All the
variables specified as “height_above_ground” refer to a reference elevation of 2 meters
above the land surface.

_ e N e = h m e ez e =

¥ Pressure_surface = Pressure @ Ground or water surface
Radar_VIL_Entire_atmosphere = Radar VIL @ null
Radiation_atmosphere_top = Radiation @ Mominal top of the atmosphere
¥ Radiation_surface = Radiation @ Ground or water surface



with Vertical Levels ( height_above_ground ) : 2.0 m
Il Dew-point_temperature_height_above_ground = Dew-point temperature @ Specified
height level above ground

| Potential_temperature_height_above_ground = Potential temperature @ Specified height
level above ground

¥ Relative_humidity_height_above_ground = Relative humidity @ Specified height level
above ground
¥ Specific_humidity_height_above_ground = Specific humidity @ Specified height level
above ground

¥ Temperature_height_above_ground = Temperature @ Specified height level above
ground

with Vertical Levels ( height_above_ground1l ) : 10.0 m

¥ u-component_of_wind_height_above_ground = u-component of wind @ Specified height
level above ground

¥ v-component_of_wind_height_above_ground = v-component of wind @ Specified height
level above ground

On the left, select all the variables in the list above except for “Precipitation_rate_surface” (we
will download this variable from another location on the ESRL THREDDS server).
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Dataset: /gsd/thredds/ncss/grid/hrrr/conus/wrfnat/wrfnat_best.ncd ( Gridded Dataset Description )
Base Time: 2015-02-15T05:00:00Z

Select Variable(s)
Variables with available Times: 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 110 12.0 1.0 14,0 15,0 16,0 17.0 18.0 19.0 20.0 21,0 22.0 23.0 24.0 25,0 26.0 27,0 28,0 29,0 30.0 31.0 32.0 hours since 2015-02-15T04:00:002

Composite_R

y_Entice_atmosphere = Composie Reflectivty ©

Convective, 1_Entire_stmosphere = Convective Acitivityl @ null
Convecti 2_Entire_atmosphere jective Activitiy2 @ null
Convective_Activity3_Entire_atmosphere = Convective Activity? @ null
Convactive_nitiation!_Entire_atmosphare = Coavactive Initiation @ null

Convactive_nitiation2_Entire_atmosphere = Convactive Initiation2 @ null
Convective_nitiation3_Entire_atmosphare = Convactive Initiation3 @ null

Convective_available_potential_anargy_surface = Convective available potantial energy @ Ground or water surface Lat/lon subset Coordinate subset
Convective_inhibition_surface = Convective inhibition @ Ground or water surface Bounding Box (decimal degrees):
Echo_Top_cloud_tops = Echo Top @ Level of cloud tops nort
Geopotential_height_adiabatic_condensation_lifted = Geopotential helght @ Level of adiabatic condensation lifted from the surface 47,0608
Geopotential_height_cloud_base = Geopotential height @ Cloud base level west 1341316 508434 east

height_cloud_tops = Geopotential height @ Leve! of cloud tops
= Heat Flux @ Ground or water surface

2173

reset to ful

oh cloud cover @ null

ce = Latent heat net flux @ Ground ar water surface

Low cloud cover @ null e
Medium cloud cover @ null

Precipitable_water_Entire_stmosphers = Precipitable water @ null Choose Time Subset

Precipitation. Type_surface = Pracipitation Type1 © Ground or water surface

Precipitation_Typea_seface = Preciptation Type2  Ground or water surface

Pracipitation_Type3_surface = Pracipitation Typed @ Ground or water surface Starting 20

Precipitation_Typed_surface = Precipitation Typed @ Ground or water surface

Time range

Pressure_reducad_to_MSL_ms! » Pressure reduced to MSL § Mean sea level Strida; i 0,002
Pressure_surface = Prassure © Ground or water surface =3
Radar_VIL_Entire_atmosphere = Radar VIL © null -
Radiation_atmosphere_top = Radiation © Nominal top of the atmosphere Ra8s o A g el
Radiation_surface = Radiation @ Ground or water surface Chi rtical Level
Relative_Humidity_Entire_atmosphere = Relative Humidity @ null

Sensible_heat_net_flux_surface = Sensible heat net flux @ Ground or water surface R iarshVectical uids

isture_surfa
Soll_temperatire_surfe

il Moisture @ Ground or water surface Level

il temperature @ Ground or water surface
Temperature @ Ground ac water surface

Add 2D Lat/Lon to file (if needed
for CF compliance)
Add Lat/Lon variables

rface = Visibility @ Ground or water surface

uivalent_of_accumulated_snow_depth_surface = Water equivalent of accumulated snow depth @ Ground or water surface
od_gust_surface = Wind speed (gust) @ Ground or water surface

Wind_surface = Wind @ Ground or water surface

with Vertical Levels ( depth_below_surface ) : 2.0 1,600000023841656 1.0 0.6000000238418579 0. o. 2 1999776482582 m
Soil_Moisture_depth_below_surface = Sail Moisture @ Depth below land surface
Soil_temperature_depth_below_surface = Soil temparature @ Depth below land surface

with Vertical Levels ( height_above_ground ) : 2.0
Dew-paint_temperature_height_above_ground = Dew-point temperature @ Specified height level above ground
Potential_temperature_height_above_ground = Potential temperature @ Specified height level above ground
Relative humidity_beiaht above around = Relatiye humidity @ Sascified heioht level above ground

g/t hraddu/ wrrat/trat_best ncd/dstase himd Ja above ground

(6) On the right, replace the coordinates in the “Lat/lon subset” box with the following (we are
subsetting over Texas):

North: 34.793
South: 25.564
West: -103.5
East: -93.326



(7)

(9)

Make note of the “Starting” date in the “Time Range” box underneath “Choose Time Subset”.
We will use this date when downloading the precipitation data.

a

Choose Spatial Subset:

Lat/lon subset Coordinate subset
Bounding Box (decimal degrees):

north
34.793

west -103.5 -93.326 east
25564

south
reset to full extension

Horizontal Stride: 1

Choose Time Subset:
Time range Single time
Starting2015-02-12T16:00:00Z

Ending:

Stride: 2015-02-14T05:00:00Z
1

reset to full extension

After selecting the variables and the replacing the subsetting coordinates, scroll to the bottom
of the page and click “Submit”. A netcdf file should download to your computer. Move the
netcdf file to the “Ex3/Data” folder.

The URL link used to download this data follows the form below (the “time_start” and
“time_end” date and times will be different for you):

http://esrl.noaa.gov/gsd/thredds/ncss/grid/hrrr/conus/wrfnat/wrfnat best.ncd?var=Radiation

surface&var=Pressure surface&var=Specific humidity height above ground&var=Relative hu

midity height above ground&var=Temperature height above ground&var=u-

component of wind height above ground&var=v-

component of wind height above ground&north=34.793&south=25.564&west=-
103.5&east=-93.326&horizStride=1&time start=2015-02-13T701:00:00Z&time end=2015-02-
14T05:00:00Z&timeStride=1&vertCoord=&accept=netcdf

Go back to the HRRR catalog page:

http://esrl.noaa.gov/gsd/thredds/hrrr.html

Click on “wrftwo_subh” under “conus”. This folder contains HRRR model outputs every 15
minutes. The “wrfnat” folder contained hourly data. The complete link to this folder is below:

http://esrl.noaa.gov/gsd/thredds/catalog/hrrr/conus/wrftwo subh/catalog.html

(10) Click on “Best Time Series”.


http://esrl.noaa.gov/gsd/thredds/ncss/grid/hrrr/conus/wrfnat/wrfnat_best.ncd?var=Radiation_surface&var=Pressure_surface&var=Specific_humidity_height_above_ground&var=Relative_humidity_height_above_ground&var=Temperature_height_above_ground&var=u-component_of_wind_height_above_ground&var=v-component_of_wind_height_above_ground&north=34.793&south=25.564&west=-103.5&east=-93.326&horizStride=1&time_start=2015-02-13T01:00:00Z&time_end=2015-02-14T05:00:00Z&timeStride=1&vertCoord=&accept=netcdf
http://esrl.noaa.gov/gsd/thredds/ncss/grid/hrrr/conus/wrfnat/wrfnat_best.ncd?var=Radiation_surface&var=Pressure_surface&var=Specific_humidity_height_above_ground&var=Relative_humidity_height_above_ground&var=Temperature_height_above_ground&var=u-component_of_wind_height_above_ground&var=v-component_of_wind_height_above_ground&north=34.793&south=25.564&west=-103.5&east=-93.326&horizStride=1&time_start=2015-02-13T01:00:00Z&time_end=2015-02-14T05:00:00Z&timeStride=1&vertCoord=&accept=netcdf
http://esrl.noaa.gov/gsd/thredds/ncss/grid/hrrr/conus/wrfnat/wrfnat_best.ncd?var=Radiation_surface&var=Pressure_surface&var=Specific_humidity_height_above_ground&var=Relative_humidity_height_above_ground&var=Temperature_height_above_ground&var=u-component_of_wind_height_above_ground&var=v-component_of_wind_height_above_ground&north=34.793&south=25.564&west=-103.5&east=-93.326&horizStride=1&time_start=2015-02-13T01:00:00Z&time_end=2015-02-14T05:00:00Z&timeStride=1&vertCoord=&accept=netcdf
http://esrl.noaa.gov/gsd/thredds/ncss/grid/hrrr/conus/wrfnat/wrfnat_best.ncd?var=Radiation_surface&var=Pressure_surface&var=Specific_humidity_height_above_ground&var=Relative_humidity_height_above_ground&var=Temperature_height_above_ground&var=u-component_of_wind_height_above_ground&var=v-component_of_wind_height_above_ground&north=34.793&south=25.564&west=-103.5&east=-93.326&horizStride=1&time_start=2015-02-13T01:00:00Z&time_end=2015-02-14T05:00:00Z&timeStride=1&vertCoord=&accept=netcdf
http://esrl.noaa.gov/gsd/thredds/ncss/grid/hrrr/conus/wrfnat/wrfnat_best.ncd?var=Radiation_surface&var=Pressure_surface&var=Specific_humidity_height_above_ground&var=Relative_humidity_height_above_ground&var=Temperature_height_above_ground&var=u-component_of_wind_height_above_ground&var=v-component_of_wind_height_above_ground&north=34.793&south=25.564&west=-103.5&east=-93.326&horizStride=1&time_start=2015-02-13T01:00:00Z&time_end=2015-02-14T05:00:00Z&timeStride=1&vertCoord=&accept=netcdf
http://esrl.noaa.gov/gsd/thredds/ncss/grid/hrrr/conus/wrfnat/wrfnat_best.ncd?var=Radiation_surface&var=Pressure_surface&var=Specific_humidity_height_above_ground&var=Relative_humidity_height_above_ground&var=Temperature_height_above_ground&var=u-component_of_wind_height_above_ground&var=v-component_of_wind_height_above_ground&north=34.793&south=25.564&west=-103.5&east=-93.326&horizStride=1&time_start=2015-02-13T01:00:00Z&time_end=2015-02-14T05:00:00Z&timeStride=1&vertCoord=&accept=netcdf
http://esrl.noaa.gov/gsd/thredds/ncss/grid/hrrr/conus/wrfnat/wrfnat_best.ncd?var=Radiation_surface&var=Pressure_surface&var=Specific_humidity_height_above_ground&var=Relative_humidity_height_above_ground&var=Temperature_height_above_ground&var=u-component_of_wind_height_above_ground&var=v-component_of_wind_height_above_ground&north=34.793&south=25.564&west=-103.5&east=-93.326&horizStride=1&time_start=2015-02-13T01:00:00Z&time_end=2015-02-14T05:00:00Z&timeStride=1&vertCoord=&accept=netcdf
http://esrl.noaa.gov/gsd/thredds/hrrr.html
http://esrl.noaa.gov/gsd/thredds/catalog/hrrr/conus/wrftwo_subh/catalog.html

(112) Click on the link next to “NetcdfSubset”. The complete link to this dataset is below:

http://esrl.noaa.gov/gsd/thredds/ncss/grid/hrrr/conus/wrftwo subh/wrftwo subh best.ncd/da
taset.html

(12) On the left, click on “Precipitation_rate_surface” variable.

FIECIPILGUOnN_ 1 yped SUuridee = PIEcipiuduon Py pes L ol OUno or wdlern Suridee
[#] Precipitation_rate_surface = Precipitation rate @ Ground or water surface
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(13) On the right, enter the same spatial subsetting coordinates as above.

(14) In the “Time Range” box, enter the “Starting” date you made note of above to ensure that both
downloaded datasets start at the same time.

(15) Scroll to the bottom of the page and click “Submit”. Another netcdf file should download to
your computer. Move this file to the “Ex3/Data” folder as well.

The URL link used to download this data follows the form below (the “time_start” and
“time_end” date and times will be different for you):

http://esrl.noaa.gov/gsd/thredds/ncss/grid/hrrr/conus/wrftwo subh/wrftwo subh best.ncd?v
ar=Precipitation rate surface&north=34.793&south=25.564&west=-103.5&east=-
93.326&horizStride=1&time start=2015-02-13T01:00:00Z&time end=2015-02-
14T05:00:00Z&timeStride=1&vertCoord=&accept=netcdf

Display HRRR data in ArcMap:

(1) In ArcToolbox under “Multidimensional Tools”, double click on the “Make NetCDF Raster Layer”
tool.

| @ Ex3.mxd - ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize

LDpE& o o | ab - | 1368247 -
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ArcToolbox I R I i T
[l ArcToolbox ‘
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B 20 Analyst Tools —
&3 Analysis Tools
&) Cartography Tools
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B Data Interoperability Tools
&3 Data Management Tools
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B¥ Geostatistical Analyst Tools L Hun
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= BJ Multidimension Taals
#., Feature to NetCDF
#, Make NetCDF Feature Layer
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#, Make NetCDF Table View
#., Raster to NetCDF
#, Select by Dimension
#., Table to NetCDF
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&3 Spatial Statistics Tools
B9 Tracking Analyst Tools
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http://esrl.noaa.gov/gsd/thredds/ncss/grid/hrrr/conus/wrftwo_subh/wrftwo_subh_best.ncd/dataset.html
http://esrl.noaa.gov/gsd/thredds/ncss/grid/hrrr/conus/wrftwo_subh/wrftwo_subh_best.ncd/dataset.html
http://esrl.noaa.gov/gsd/thredds/ncss/grid/hrrr/conus/wrftwo_subh/wrftwo_subh_best.ncd?var=Precipitation_rate_surface&north=34.793&south=25.564&west=-103.5&east=-93.326&horizStride=1&time_start=2015-02-13T01:00:00Z&time_end=2015-02-14T05:00:00Z&timeStride=1&vertCoord=&accept=netcdf
http://esrl.noaa.gov/gsd/thredds/ncss/grid/hrrr/conus/wrftwo_subh/wrftwo_subh_best.ncd?var=Precipitation_rate_surface&north=34.793&south=25.564&west=-103.5&east=-93.326&horizStride=1&time_start=2015-02-13T01:00:00Z&time_end=2015-02-14T05:00:00Z&timeStride=1&vertCoord=&accept=netcdf
http://esrl.noaa.gov/gsd/thredds/ncss/grid/hrrr/conus/wrftwo_subh/wrftwo_subh_best.ncd?var=Precipitation_rate_surface&north=34.793&south=25.564&west=-103.5&east=-93.326&horizStride=1&time_start=2015-02-13T01:00:00Z&time_end=2015-02-14T05:00:00Z&timeStride=1&vertCoord=&accept=netcdf
http://esrl.noaa.gov/gsd/thredds/ncss/grid/hrrr/conus/wrftwo_subh/wrftwo_subh_best.ncd?var=Precipitation_rate_surface&north=34.793&south=25.564&west=-103.5&east=-93.326&horizStride=1&time_start=2015-02-13T01:00:00Z&time_end=2015-02-14T05:00:00Z&timeStride=1&vertCoord=&accept=netcdf

(2) Fillin the boxes in the “Make NetCDF Raster Layer” window appropriately. Navigate to the
“wrfnat_wrfnat_best.nc” file on your computer. We'll take a look at temperature at a height of
2 meters above ground first; its’ XY coordinate dimensions are “x” and “y” which are in the

Lambert Conformal Conic projection.

’% Make MetCDF Raster Layer E@
- . . -
Input netCDF File o Dimension Values
C:\Fernando\Temp\FloodForecastingClass\Ex 3\Resources\HRRR wrinat_wrfnat_best.nc @ [optional]
Variable
Temperature_height_above_ground - -5'11?3;%%9} (Sfutﬁh :5 .
o /30/05) of the dimension
XXD'mensm (such as Time) or
o E dimensions to use when
¥ Dimension displaying the variable in
¥ - the output layer. By
Output Raster Layer default, the first value of the
Temperature_height_sbove_aro dimension or dimensions
Band Dimension (optianal) will be used. This default
- value can also be altered
] ) on the netCOF tab of the
Dimension Values (optional) Layer Properties dialog
M box.
Dimension Value w
timel 2/13/2015 1:00:00 AM D
x| - K
oK ] | Cancel | |Enwronmenis... | | << Hide Help | | Tool Help

(3) Select “timel” as the dimension value; the “timel” dimension will be added to the dimension
list. Once it is added to the list, click in the empty space under “Value” and select the first date
and time listed in the dropdown menu; these are all the date and times within the netCDF file.

Band Dimension {optional)

Dimension Values (optional)

Dimension Value Iil
time 1 2/13/2015 1:00:00 AM El
CK ] | Cancel | ‘ Enviranments... | | << Hide Help

(4) Click on “OK. The netCDF raster layer will be projected on the fly to the coordinate system of
your existing map. If you have already loaded layers from the Travis country GDB, your map will

be in the State Plane coordinate system.

(5) Right click on the “Temperature_height_above_gro” layer in the “Table of Contents” pane and

select “Zoom to Layer”.
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(6) Right click on “Catchment” feature layer in the “Table of Contents” pane and select “Zoom to

Layer”.
(7) Use the “Identify” icon to explore temperature values in the area.
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Animate HRRR Data in ArcMap

(1) Right click on the “Temperature_height_above_gro” layer in the “Table of Contents” pane and
select “Properties”.

@ ©5.mxd- ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows

Opda B X9 (b 14172348 "M BEEE
QA 35 € -0 K@ BN
E\ Table Of Contents —
o Albuquerque
HIEERELE (A
g Layers
g 1 Boundary

NEW MEXICO

= @ MFlowline il
GageAdjust wost., | zs
— 0.000000 - 9.136000 2
— 9.136001 - 38.498001
= 38.498002 - 92.681999
== 92682000 - 280.782930 S
= 280.782001 - 1585.609985 4
= Catchment
O
5} ‘ 3
Value B Copy &)
" High:294.25 X Remove Cruces >

|
Low: 272313
Joins and Relates >

Basemap @ Zoom To Layer
® World_Topg |

#F  Zoom To Raster Resolution Y N
Visible Scale Range > N %
Data > " %
Edit Features > s

Save As Layer File... 3
W Create Layer Package...
‘[j‘ Properties... \

Layer Properties

Display the properties of this layer

(2) Go tothe “Time” tab.

Layer Properties @

‘ Ganerall Soulcel Extent | Display | Symbologyl NetCDF| Time |

Enable time on this layer

Tirme properties

Layer Time: [Layer has time as a dimension. -
Time dimension: time1 - |
Field Farmat: I<Date,|’ Time > ']

Layer Time Extent: 2/13/2015 1:00:00 &AM Toe 2/14/2015 5:00:00 AM Calculate

[¥] Data changes frequently so calculate time extent automatically,

Advanced settings

Time Zane: [(UTC) Coordinated Universal Time v]

Walues are adjusted for daylight savings

Display data cumulatively

[ 0K J[ Cancel ][ Apply
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(3) Check the “Enable time on this layer”.

(4) Select “timel” as your “Time dimension”.

(5) Click on “Calculate” to populate the “Layer Time Extent”. Make sure that the start and end date
and times are correct.

(6) Input “1” as the “Time Step Interval” and make sure the interval is in “Hours”.

(7) Select “(UTC) Coordinated Universal Time” from the “Time Zone” dropdown menu.

(8) Go tothe “NetCDF” tab. Here you can manually change the dimensions in the netCDF file. In the
“Variable” dropdown menu you will see the list of variables we downloaded from the ESRL
THREDDS server. Under “Dimension Values”, you will see the “timel” and “height above
ground” dimension. There is only one reference height in this netCDF file however more could
be stored; 2 meters is usually the reference height for surface temperature in atmospheric
models.

Layer Properties @

‘ Ganerall Soulcel Extent | Dizplay | Spmbalogy | NetCOF | Time

Yariable: |Temperature_hewght_above_grc hd |

& Dimension: |x - |

% Dimension: |y - |

Band Dimension: | '|

Dimension Yalues:

Dimension Value &
time1 201312015 1:00:00 AM
[ height_above_ground | 2 |

[ DK ]| Cancel || Apply |

(9) Click on the date and time next to the “timel” dimension, you will see all the date and times in
the netCDF file listed. You’ll notice the date and times are spaced hourly. By selecting any of the
date and times and clicking “Apply”, the Temperature layer in your map will change and display
the data for the date and time selected.

Note: Remember that the last 15 date and times listed in the dropdown menu are from the last
HRRR model run and thus represent forecasted values. The first set of and date and times listed
are the 0-hour forecasts for the previous HRRR model runs.

If you'd like to see what the forecasted temperature is in Austin, select any of the last 15 date
and times listed and use the “Identify” icon in the map window to explore temperature values in
the area.

(10) Click “OK”.
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(112) Click on the “Time Slider” icon at the top of your ArcMap window to display the time slider.

) Ex3.mxd - Archap

File Edit ‘iew Bookmarks Insert Selection  Geoprocessing  Customize  Windows Help

g B = - 138447 T TEEE S e

CCR THFHE R B =1 B | Editor- .
=| Table Of Contents 2% | —
e o8 d Time Slider el E

3 BBk g [l=lk=r Time is disabled on this map ==Fdk

S | B = Layers N .

g = ¥ Boundary I4 Bl P

a
= MFlowline

GageAdjust
— 0.000000 - 9,136000
— 0.136001 - 38.498001
— 39.438002 - 92,691399
- 12.682000 - 280.782390

(12) Click on the “Enable time on map” icon two icons to the left of the movie reel in the “Time
Slider” window.

Lisasrclider

[l 3= 271372015 1:00:00 AM

4 2013/2015 1:00:00 AM

1| 271372015 1:00:00 AM

4| 2/13/2015 1:00:00 AM 2}14/2015 5:00:00 AM | **

(14) In the “Time Display” tab, select Central Time as the “Time zone”.

Time Slider Options @

Time Display | Time Extent I Playback I Other ‘

Time zone: (UTC-08:00) Central Time (US & Canada) <Cormputer time «

Adjust For davlight saving changes

Time step interval: 1 [Hnurs v] [ Restore Default
Tirne window: 0.0 Hours

Tirme window aptions: Display data Far entire time windaow

Display date format: <defaulk= hd
Display time Farmat: <none = -

ADpEArance. ..

(15) Input 1 hour as the “Time step interval”.
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(16) Click “OK”.
(17) Click on the double arrow icon on the bottom left of the “Time Slider” window multiple times
until it greys out and scroll the ticker all the way to left to display the proper start time in CST.

e Slder

Irg[lElE=q| 2/12/2015 7:00:00 PM ==+ 4»‘

m
4 BIZ12015 7:00:00 PM 2/1312015 11:00:00 AM

(18) In the “Time Slider” window, click on the “Play” icon to animate the layer.
(19) Explore the other variables in the netCDF file. You’ll have to enable “time” in each layer you

want to animate.
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= W
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= @ Busemap Faton Reuie
& @ World_Topo Map oy {
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Animate HRRR Precip Data in ArcMap

(1) In ArcToolbox under “Multidimensional Tools”, double click on the “Make NetCDF Raster Layer”

tool.

(2) Fillin the boxes in the “Make NetCDF Raster Layer” window appropriately. Navigate to the
“wrftwo_subh_wrftwo_subh_best.nc” file on your computer. The “Precipitation_rate_surface”
variable should automatically populate along with the X and Y dimensions.
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’% Make MetCDF Raster Layer

(= /E e

Input netCDF File

Variable
Predpitation_rate_surface

X Dimension
X

¥ Dimension
¥

Qutput Raster Layer
Predipitation_rate_surface_L

Band Dimension {optional)

Dimension Values (optional)

C:\Fernando\Temp\FloodForecastingClass\Ex 3\Resources\HRRR \wrtwo_subh_wrftwo_subh_best.nc E;-

-

m

Dimension

time

Value EJ

2/13/2015 1:00:00 AM =

=

Dimension Values
(optional)

The value (such as
01/30/05) of the dimension
(such as Time) or
dimensions to use when
displaying the variable in
the output layer. By
default, the first value of the
dimension or dimensions
will be used. This default
value can also be altered
on the netCOF tab of the
Layer Properties dialog
box.

OK

| I Cancel

I IEnwronmenis... I I << Hide Help I

I

Tool Help

(3) Select “time” as the dimension value; the “time” dimension will be added to the dimension list.

(4)

Once it is added to the list, click in the empty space under “Value” and select the first date and
time listed in the dropdown menu; these are all the date and times within the netCDF file.

Note: Notice that these date and times are spaced every 15 minutes instead of hourly as the
previous netCDF file. The precipitation variable within the HRRR model outputs is one of the
variables that is updated every 15 minutes even though the model itself is run every hour.

Click on “OK. The netCDF raster layer will be projected on the fly to the coordinate system of
your existing map.

o &ma-aome

Ele Edit

16

IATIIETS 1198239072 Feet
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(5) Right click on the “Precipitation_rate_surface” layer in the “Table of Contents” pane and select
“Properties”.

(6) Go to the “Symbology” tab and select “Stretched” on the left.

Layer Properties @

| General | Source | Edent [ Display | Symbology | NetCDF | Time |

Show:
= IStretch values along a color ramp =
Unigue Values IS @ =
Classified
Stretched =
Discrete Color
Color Value Label Labeling
] 0.001087  High : 0.001087
. 0 Low: 0 r
Color Ramp: -
[¥] Display Background Value: 0
[F]use hillshade effect HIE Display NoData as([]+]
Stretch
Type: [Smndard Deviations A ] Histograms
* : ] n 2.5 anart
About symbology [C] Apply Gamma Stretch: 1

[ ok ][ cencel ][ omt

(7) Select the “Color Ramp” above.

(8) Check “Display Background Value” and fill in “0” in the empty box.
(9) Inthe “Stretch” section, check “Invert”.
(10) Click “OK”.
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(112) Right click on the “Precipitation_rate_surface” layer in the “Table of Contents” pane and select
“Properties”.
(12) Go to the “Time” tab.

Layer Properties @

‘ Ganerall Soulcel Extent | Display | Symbologyl NetCDF| Time |

Enable time on this layer

Tirme properties

Layer Time: [Layer has time as a dimension. -
Time dimension: tirne -
Field Farmat: I<Date,|’ Time > ']

Time Step Interval: 15
Layer Time Extent: 2/13/2015 1:00:00 &AM Toe 2/14/2015 5:00:00 AM Calculate

[ Data changes frequently so calculate time extent automatically,

Advanced settings

Time Zane: [(UTC) Coordinated Universal Time v]

Display data cumulatively

[ 0K ][ Cancel ][ Apply

(13) Check the “Enable time on this layer”.

(14) Select “time” as your “Time dimension”.

(15) Click on “Calculate” to populate the “Layer Time Extent”.

(16) Select “(UTC) Coordinated Universal Time” from the “Time Zone” dropdown menu.
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(17) Click “OK”.

(18) If your “Time Slider” window is not displayed, click on the “Time Slider” icon at the top of your

ArcMap window to display the time slider.

(19) Click on the “Options” icon to the left of the movie reel in the “Time Slider” window.
(20) In the “Time Display” tab, make sure Central Time is selected for the “Time zone”.

(21) Input 15 minutes as the “Time step interval”.

Tirme Slider Options @
Time Display | Time Extent I Playback, I Other ‘

Tirme zone: (UTC-06:00) Central Time (IUS & Canada) <Computer time
[V]iadhust For daylight saving changes!

Time step inkerval: 15 [Minutes V] [ Restore Defaulk

Tirne: window: 0.0 Minutes

Time window options: Display data For entire time window

Display date format: <defaulk= h

Display time format: <none = -
[ show time on map display AppEarance. ..

(22) Click “OK”.

(23) In the “Time Slider” window, click on the “Play” icon to animate the layer. When animating the

precipitation at a 15 minute time step, it’s best not to display the Temperature and other HRRR

layers you have ingested.

21202015 700:00PM

[=]Precoitation ot urface
Value
I High: 0001087

27137015 11,0000 AM — 4 ‘
|
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To be turned in: Present a short sequence of maps that shows precipitation evolving over Texas.

Land Surface Modeling

Within the NFIE and NFIE-Hydro framework, WRF-Hydro? is used as a modeling framework for running
the Noah-MP land surface model; WRF-Hydro was created by NCAR as a framework for coupling the
WRF atmospheric model to various distributed hydrology models (e.g. land surface, channel routing,
groundwater, water management etc.) Within the WRF-Hydro framework, one can select various
different physics options and modeling components. For example, one could use the Noah-MP land
surface model with the CASC2D channel routing model and WEAP water management model. This is
similar to the WRF model where one can select various different cloud physics options.

Within NFIE-Hydro, WRF-Hydro is being used to run the Noah-MP land surface model. Instead of running
WRF within WRF-Hydro to model the atmosphere, we will the model outputs from the operational HRRR
model run by NCEP within NOAA. Similarly, instead of running RAPID within WRF-Hydro, we will use the
WRF-Hydro Noah-MP outputs to run the RAPID model separately.

There are two primary inputs to the Noah-MP model:

e A GEOGRID file (a netCDF file) that contains various land surface characteristics AND
e Atmospheric forcing (several netCDF files)

In order to run Noah-MP, the GEOGRID file must contain the following information:

e Elevation
e Land use

e Soil type
e Vegetation fraction
e Albedo

In order to run Noah-MP, the atmospheric forcing files must contain the following information:

e Precipitation rate (mm/s)

e Air temperature at 2 meters above the surface (K)

e U-component of wind at 2 meters above the surface (m/s)
e V-component of wind at 2 meters above the surface (m/s)
e Incoming longwave radiation (W/m?)

e Incoming shortwave radiation (W/m?)

e Specific humidity (kg/kg)

e Surface pressure (Pa)

2 See WRF-Hydro manual here: http://www.ral.ucar.edu/projects/wrf_hydro/images/User Guide v1.0.pdf
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You may notice that the HRRR model outputs do not provide incoming longwave radiation. Thus, using a
python script, we derive the incoming longwave radiation from temperature and relative humidity using
the Brutsaert (1982) equation for estimating longwave radiation during clear sky conditions.

Display data within GEOGRID file in ArcMap

(1) In ArcToolbox under “Multidimensional Tools”, double click on the “Make NetCDF Raster Layer”

tool.
(2) Navigate to the “Ex3/Resources/WRF-Hydro” folder in the “Ex3” folder. Select the

“geo_em.d01_conus_3km.nc” file.

., Make NetCDF Raster Layer E@
- 7
Input netCDF File o Make NetCDF Raster
C:\Fernando{Temp\FloodForecastingClass\Ex3\Resources \WRF-Hydro\gea_em.d01_conus_3km.nc [,Zj. Layer
Variable
HGT_M - Makes a raster layer from a
- . netCDF file.
X Dimension
west_gast M T
¥ Dimension
south_north -
Qutput Raster Layer
HGT_M_Layer
Band Dimension (optional)
-
Dimension Values (optional)
-
Dimension Value g
x| - &
| oK | | Cancel | |Enwronmems... | | << Hide Help | | Tool Help |

(3) Select the “HGT_M" variable from the dropdown menu. You will see several variables in the
dropdown. The “HGT_M"” variable contains elevation data at 3 km resolution for the continental

uUs.
(4) Select “west_east” as the X dimension and “south_north” as the Y dimension.

(5) Click “OK”.
Note: After clicking “OK” you will not see the data displayed in the proper coordinate system
because the GEOGRID netCDF file is not CF compliant meaning that the coordinate data within
the netCDF file is not where ArcMap expects it to be. Because of this, ArcMap will not display the

data in the right coordinate system.

(6) Right click on the “HGT_M_Layer” layer and select “Zoom to Layer”.
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(7) After zooming to the “HGT_M_Layer”, move your mouse cursor to the bottom left of the grid
and look at the coordinates in the bottom right of the ArcMap window. You’ll notice that the
coordinates are close to 0 feet in the X direction and 0 feet in the Y direction. Again, this is
because the coordinate data in the GEOGRID netCDF file is in the wrong place. Therefore,
ArcMap plots the values in space by counting the cells in the X and Y direction. As a test, move
your mouse cursor to the bottom right of the grid. The coordinates should be 1536 in the X
direction and 0 in the Y direction. That is because there are 1536 columns in the grid.

iy

1532602 3.243 Feet
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(8) To display the grid in the correct coordinate system, go to the “Catalog” on the right of the
ArcMap window. Navigate to the “Ex3/Resources/WRF-Hydro/GEOGRID_PREPROCESSOR”
folder. You will see an ArcGIS toolbox called “GEOGRID_STANDALONE.pyt”. This toolbox was
created by NCAR to work with GEOGRID files within ArcMap.

MEEEE Horne - FloodForecastingClass\Ba
£ Data
= 3 Resources
GIS
E3 HRRR
RAPID
= 5 WRF-Hydro
(5 Forcing
= 5] GEOGRID_PREPROCESSOR
= B GEOGRID_STANDALONE.pyt
& Processing
= & Utilities
5 ExamineOutputs
5 ExportGrid
5 ExportPR)
5 Output
13 NFIEGeo.gdb
@I Ex3.mxd

[u:ueas@‘ () i” [Anuap @ |

(9) Expand the toolbox and select the “ExportGrid” script under “Utilities”.
(10) Navigate to the “geo_em.d01_conus_3km.nc” GEOGRID file and select the “HGT_M" variable.

= ExportGrid o |23
- . -
Input Geogrid File EXpOFtGFId
C\Fernandol TempiFloodForecastingClass\Ex3\ResourcesiWRF-Hydrolgeo_em.dD1 _conus_3km.nc @

Variable Marne This tool takes an input
WRF Geogrid file in

-

HET_M
- NetCDF format and uses
Qutput Raster the specified variable’s grid
C\Fernandol TempiFloodForecastingClass\Ex3NFIEGeo, gdblwRFHydro_DEM_3KM @ to produce a raster.

[s]4 ] [ Cancel ] [Environments... ] [ << Hide Help ] [ Toal Help

(11) Save the “Output Raster” in the same geodatabase as the Travis county data.
(12) Click “OK”.
(13) Right click on the new layer and select “Zoom to Layer”.
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(14) Right click on the same layer and select “Properties”.

AMALCASY

4901669,058 21087102526 Feet

(15) In the symbology tab select the appropriate “Color Ramp” and “Display Background Value” as 0.

Layer Properties

Show:
Unique Values
Classified

Discrete Color

L e
About symbology.

| General | Source | Edent | Display | Symbology | NetCDF | Time |

==

Stretch values along a color ramp

Caolor

Value Label Labeling
I 3982.41 | TREEEEREH
|
-135.842  Low:-135.842
o B S -
[¥] Display Background Value: 0

[T use hillshade effect
Stretch

&
1 Display MoData asE

Type: lStandard Deviations vJ Histograms
ne 2.5 |:| Invert
[7] Apply Gamma Stretch: 1

e

(16) Click “OK”.
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(17) Navigate to the “GEOGRID_STANDALONE.pyt” toolbox in the “Catalog” on the right.

(18) Double click on the “ExportGrid” script.

(19) Navigate to the same GEOGRID file and select the “LU_Index” variable from the dropdown
menu. The “LU_Index” variable contains land use data for the continental US.

(20) Save the grid in your geodatabase.

= ExportGrid

= om xR

Input Geogrid File
C\Fernandol TempiFloodForecastingClass\Ex3\ResourcesiWRF-Hydrolgeo_em.dD1 _conus_3km.nc

Wariable Mame

LU_THDE?X -

=]

Dukput Raster
C\Fernandol TempiFloodForecastingClass\Ex3WFIEGeo, gdbwRFHydro_LIL_3KM

ExportGrid 1

This tool takes an input
WRF Geogrid file in
NetCDF format and uses
the specified vanable's gnd
to produce a raster.

[s]4 ] [ Cancel ] [Environments... ] [ << Hide Help ]

[

Toal Help

(21) Give the new layer an appropriate “Color Ramp” under the symbology tab in the layer’s

“Properties”. The values of the grid vary from 1 to 24. These values are codes for land use based
on the USGS Land Use/Land Cover system. You will find the land use codes in Appendix 3 of the

link below:
http://edc2.usgs.gov/glcc/globdoc2_0.php
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Appendix 3.

USGS Land Use/Land Cover System Legend (Modified Level 2)

Value Code Description

1 100 Urban and Built-Up Land

2 211 Dryland Cropland and Pasture

3 212 Irrigated Cropland and Pasture

4 213 Mixed Dryland/Irrigated Cropland and Pasture
5 280 Cropland/Grassland Mosaic

6 290 Cropland/Woodland Mosaic

7 311 Grassland

8 321 Shrubland

9 330 Mixed Shrubland/Grassland

10 332 Savanna

11 411 Deciduous Broadleaf Forest

12 412 Deciduous Needleleaf Forest

13 421 Evergreen Broadleaf Forest @
14 422 Evergreen Needleleaf Forest

15 430 Mixed Forest

16 500 Water Bodies

17 620 Herbaceous Wetland

18 610 Wooded Wetland

19 770 Barren or Sparsely Vegetated

20 820 Herbaceous Tundra

21 810 Wooded Tundra

22 850 Mixed Tundra

23 830 Bare Ground Tundra

24 900 Snow or Ice

929 Interrupted Areas (Goodes Homolosine Projection)
100 Missing Data

Fle G0k View Bootmets Inert. Selecion Geoprocessing  Customize  Windows  Help

DBS@S 4 18 x (= & Hemar RSO

QALIQ N4 E-U K@ B ZNSS T B N
Cex . g

== 913601 38.439001

— 30436002 - 92601983
—S2682000 - 260782930
200762891 - 1595 603905

< @ WhFhydro OEM 3
nlue
Fogh: 381241

Low: -115.8@

& O HOT.M.Layer
& O Precpitabon.rte_surfoce L

& O Relatue_bumidity_height_abo
& O Tempersture_height_sbove_gro

@ Basemap
® B Waorld_Topo_Map.

e ax
® & Cument Session
B Shared

o) e w

T TeOfComens :
z-008 3 A o
e 8 torwe 1 : ANAD .
,g\ = @ Boundary
= @ Mhiawtine
G
— 0200008 - .136000

(3 \ nends oo

YUCATAN
PENINSULA

AIIN539 1302084515 Feet

(22) Several of the other variables in the GEOGRID file cannot be displayed in the proper coordinate
system using the “ExportGrid” script (e.g. GREENFRAC variable). This is because the GREENFRAC
variable contains vegetation fraction data for each month and the script isn’t able to handle the
multidimensional nature of the variable. However, to display this variable, you may use the
“Make NetCDF Raster Layer” tool in the “Multidimensional Tools” toolbox to display the data in

the wrong coordinate system.

(23) Select the “GREENFRAC” variable and select “west_east” as the X dimension and “south_north”

as the Y dimension.
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Input netCDF File

‘ariable

C\Fernandol TempiFloodForecastingClass\Ex3\ResourcesiWRF-Hydrolgeo_em.dD1 _conus_3km.nc

GREEMFRAC

% Dimension

wesk_gast

* Dimension

south_narth

Oukput Raster Layer

GREEMFRAC_Layer

EBand Dimension {optional)

Dirnension Values {optional)

Dimensian

rnonth

Walug

<

alue Selection Method (optional)

BY_WALLE

-

Dimension Values
(optional)

The value (such as
01/30/05) of the dimension
{such as Time) or
dimensions to use when
displaying the variable in
the output layer. By
default, the first value of the
dimension or dimensions
will be used. This default
value can also be altered
on the netCDF tab of the
Layer Properties dialog
box.

Ok ] [ Cancel

] [Environments... ] [ << Hide Help ]

[

Toal Help

(24) Select “month” as the dimension.

(25) Click “OK”.

(26) Right click on the new layer and select “Zoom to Layer”.

D@8 4 M8 x » = - 150

File Edit View Bockmarts Inert Selection Geoprocessng Customize Windows Help
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ax

— 0400088 - 9.136000

== 913601 38.439001

— 30436002 - 92601983

—S2682000 - 260782930

200762891 - 1595 603905
Catchment

e

1) Hah: 0T
Low:

= B WRFHydro LU 3K
e

W High: 20

-

Low:1
= @ WRFHydro DEM 31
Vilue
Hgh 39241

Low: 1562

® O HoTMLayer
& O Precpitation nte_surface 4
& 00 Relatwe_bumidity_height abo
® O Temperature height sbove_gro
= @ Beap

© B World_Topo Map.

e ax
® & Cument Session
B Shared

o) e w
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(27) In the “NetCDF” tab of the new layer’s “Properties”, you can select the month you’re interested
in displaying on the map.

Note: The “month” values in the “Dimension Values” are not 1-12, they are instead 0-11. This is
because the metadata in the GEOGRID file is not complete and does not specify the proper
month numbers. Therefore value “0” is actually “1” or January. Similarly, value “10” is actually
“11” or November.

Layer Properties @

‘ General ISourca I Exent | Display | Symbology | NetCDF | Time

variable: |erEmNFRAC -

¥ Dimension: [west_east . ]

¥ Dimension: [snuih_norﬂn - ]

Band Dimension: [ - ]

Dimension Values:

Dimension Value &
Time 0
[ manth [ 10 =

[ ok ][ cencel |[ sopy

Display WRF-Hydro inputs for modeling over Texas

Although we will be modeling the entire continental US within the NFIE-Hydro framework, we are
currently testing the modeling workflow over Texas.

(1) Use the “ExportGrid” script to display the “HGT_M" variable over Texas. Navigate to the
“geo_em.d01_Texas_3km.nc” file in the “Ex3/Resources/WRF-Hydro” folder.
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< Exportid S e=
- -
Input Geogrid File Qutput Raster
C:\Fernando\Temp\FloodForecastingClass\Ex 3\Resources\WRF-Hydro\geo_em.d01_Texas_3km.nc
Ty Mo description available
HGT_M -
Output Raster
C:\Fernando\TempFloodForecastingClass\Ex 3\NFIEGeo. gdb\WRFHydro_DEM_3KM_Texas
OK ] [ Cancel I [Environmenis... ] [ << Hide Help ] [ Tool Help

(2) Click “OK” and then “Zoom to Layer”.

(3) Select the same symbology as the national “HGT_M"” grid by going to the “Symbology” tab
within the new layer’s “Properties”. Click on the import icon in the “Symbology” tab. It is the
button next to the floppy disk icon. Select the layer containing the national elevation data.

Layer Properties @

‘ General ISource I Exdent | Displa)'| Symbology
Show:

s stretch values along a color ram I =
Unique Values 0 " B‘ &
Classified 3

Discrete Color

Color Value Label Labeling

. 398241 High: 398241
Edit High/Low Values  [T]
-~

-135.842 | |gw; -135.842

m

ol Rame: b s -
[¥] Display Background Value: [u] asD L5
[ Use hillshade effect 1 Display MNoData asD
Stretch
Type: [Min\mum-Maximum - ] Histograms
I:‘ Invert
v St
About symbolo [Z] Apply Gamma Stretch: 1 E
oK | [ camcel | [ ppy |
Import Symbology @

M=)

(4) Click “OK” in the “Import Symbology” and “Layer Properties” windows.
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Eile  Edit View Bookmarks Jnsert Selection Geoprocessng Customize Windows Help
N2Es Bx 0o b TR RGP0 R
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W

-
Low:1

MNew Crveans g

O WRFHydro DEMIKM i

Value
] Figh: 388241
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& 0 HGET M Layer | S
Resins ax

& ® Cument Session
B Shared

Gulf ¢

F DURANGO:
CETERTE

170799.428 11639072973 Feat

(5) Turn on the national elevation grid and the elevation grid over Texas. You'll notice that the

resolution of the data appears to be different and it is. The underlying data used to create the
Texas elevation grid is coarser than the national grid. However, the grid size for both the layers
is the same, 3 km. The coarse grid over Texas will be replaced with finer resolution data within
NFIE-Hydro. This is simply for demonstration purposes.
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# @ World_Topo Map
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424901 544 10325998.86 Feet

(6) Turn on the “Temperature_height_above_gro” layer at the same time as the elevation data over
Texas. You'll notice that the two grids overlap in space. This step is to show that the input data
from the GEOGRID file and the HRRR data are consistent for modeling.
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(7) Now, in order to run the WRF-Hydro Noah-MP model, one cannot simply use the two netCDF
files we downloaded from the ESRL THREDDS server. The data must be processed and converted
to the data format that WRF-Hydro expects. Within the NFIE-Hydro framework, this is done
through a Python script. Some sample input data can be found in the “Ex3/Resources/WRF-
Hydro/Forcing” folder. You will see the following files listed:

2015021301.LDASIN_DOMAIN1
2015021302.LDASIN_DOMAIN1
2015021303.LDASIN_DOMAIN1
2015021304.LDASIN_DOMAIN1
2015021305.LDASIN_DOMAIN1

Each file contains 7 variables for the date and time stamp listed in the file name. This data was
created using the two netCDF files in the “Ex3/Resources/HRRR” folder. These files contain
HRRR model output starting from 02/13/2015 01:00 UTC. The forecast portion of the data
begins at 02/13/2015 15:00 UTC.

(8) Use the “Make NetCDF Raster Layer” tool in the “Multidimensional Tools” toolbox to display the
“T2D” (i.e. temperature at 2 meters above the land surface) variable within the
“2015021301.LDASIN_DOMAIN1” netCDF file.

“Eb hake MetCDF Raster Layer EI@

Input netCOF File Variable
\Fernanda’ TemplFloodFarecastingClass\Ex3\Resources| WRF-Hydral Forcing} 2015021301 LDASIN_DOMAINL

B

The variable of the netCDF

‘ariabl N
ariable file used to assign cell

T20 -
——— values to the output raster.
# Dimension This is the variable that will
west_sast - be displayed, such as
¥ Dimension temperature or rainfall.
south_north -

Qukput Raster Laver
TZ0_Laver

Band Dimension {optional)

Dimensian Yalues {optional)

Dimension Yalue &l
x
1t
+
] [T v
Yalue Selection Method (optional)
BY_MALUE -
0K ] | Cancel | |Envirnnments.‘. | | << Hide Help | | Tonl Help

(9) After filling out the fields in the “Make NetCDF Raster Layer” window, click “OK” and then
“Zoom to Layer”.
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(10) Again, this data will display in the incorrect coordinate system because the metadata in the
netCDF file is incomplete; the coordinate system is not listed within the netCDF file. However,
these files DO contain projected coordinates as dimensions within the netCDF file and can be
displayed correctly by exporting the grid and defining the layer’s projection in ArcMap.
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& O WRFHydro DEM 310 Texas
& O GREENFRAC Layer
% O WRFHydro LU_3KM
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# O Precpitation nte surface L
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& O Temperature_height sbove. gro
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& B World_Topo Map

Resuts ax
® B Cument Session
® Shared

Do eu e« ™}
756,251 754393 Feet

(11) Right click on the “T2D_Layer” and under “Data”, click on “Export Data...”.

33



Fe e View Bookmuts Inen Seleton Geoprcesing Cutomse Windows Help
DSES L 2R x /90 & 1= I EEEED

N[O B LRSS T e - 1 i
Cax

el [liveoigl]

= 52602008 - 200.782950
40792631 - 1505605985
= B Catchment

£

L Joiny and Relutes » ' ¢‘
@ ZomTolosr

& Zoom ToRasterResauton
Voo ScaeRange

Data

[T

@ e s e

FEITT

ooooooo

o
i

W
]
g
H

2
=33 %
y

Export Data
Eport raster data from this hyer
You

®
©
®
7
£
3
4
t

& Properies. |[7] Viewltem Descrption..

an alio choote othat settings,
he

spatal reference, aod cel sze.

R 00000 2
| @ Cument Sesson |
® Sared

681,962 895,629 Feet

(12) Save the grid to your geodatabase, click “OK” and add the layer to your map.

Extent Spatial Reference
(7 Data Frame (Current)

(@ Raster Dataset (Original) © Data Frame (Current)

Raster Dataset (Original
Selected Graphics (Clipping) [ | Clip Inside [EE=tee o i)

Cukpuk Raster
Use Renderer Square: Cell Size {ox, v} @ 3 3
["|Force RGE Raster Size (columns, rows): ()
D Use Colarmap Molrata as: -5, 402523+
Mame Property it
Bands 1 H|
Pixel Depth 32 Bit
Uncompressed Size 477,15 K5
Extent (left, top, right, botkom) ( -618.4818, -393.8695, 431.5182, -1440.8695 ) i
4 i ]
Location: Ci\Fernandoi TempiFloodForecastingClassiEx3\NFIEGeD.gdb

Mame: T2D_Texas| Forrat: File Geodatabase i
Compression Type: NONE . (gquDpB??swon Qualicy _

Cancel

Abouk export rasker data

(13) In “ArcToolbox”, go to the “Define Projection” tool under “Data Management Tools/Projections
and Transformations”.
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& Graph
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D
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(14) Select the layer you just added to your map as the “Input Dataset” and click on the icon next to
the “Coordinate System” box.

&Dafine Projection EI

Input Dataset or Feature Class Define Projeciion
‘ T2D _Texas

This tool overwrites the
ceordinate system
information (map projection
and datum) stored with a
dataset. The only use for
this tool is for datsets that
hawve an unknown or
incorrect coordinate
system defined

Coordinate System

Lambert_Conformal _Conic

m

All geographic datasets
hawe a coordinate system
that is used throughout
ArcGIS to display,
measure, and transform
geographic data. If the
ceordinate system for a

i dataset is unknown or 2

QK ] [ Cancel ] [Environments... ] [ << Hide Help ] [ Tool Help

(15) In the “Spatial Reference Properties” window, select “Lambert_Conformal_Conic” in the
“Layers” folder.
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#¥ Coordinate System | Z Coordinate System
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E3 Favorites -
[ Geographic Coordinate Systems
[T Projected Coordinate Systerns
Layers

m
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@ Morth_2merica_Lambert_Conformal_Conic

@ Morth_fmerica_Lambert_Conformal_Conic L9
@ Unknor

AT RS ANE A Ailale B dnescbos Builine s Seloaes

Current coordinate system:

3

Lambert_Canformal _Conic
Authority: Custarn

m

Projection: Lambert_Confarmal _Conic
False_Easting: 0.0

False_Rorthing: 0.0 ~—
Central_Meridian: 262.5

Standard_Parallel_1: 35.5

Standard_Parallel_2: 35.5

Scale_Factar: 1.0

Latitude_Of _Origin: 38.5 -

(16) Click “OK” and then click “OK” again. Your grid will now be displayed in the correct coordinate
system.
(17) Right click on the layer and “Zoom to Layer”.
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You can repeat these steps for any of the layers in the WRF-Hydro forcing files. The following
variables are contained within the WRF-Hydro forcing files:

LWDOWN (W/m?)
PSFC (Pa)

Q2D (kg/kg)
RAINRATE (mm/s)
SWDOWN (W/m?)
T2D (K)

u2D (m/s)

V2D (m/s)

Layer Properties @

| General | Sowce | Exent | Display | Symbelogy | NetCOF | Time

Variable: T20 -
% Dimension: PSFC

fors]

RAINRATE
Y Cimension: soukh_north

SWDOWH

) T2

Band Dimension: 2D

WeD

west_sast
Dimension Yalues:
.

m

[ Ok ][ Cancel ][ Apply I

For each forcing file, you can display each variable by going to the “NetCDF” tab in the
“Properties” of the netCDF layer.

Display WRF-Hydro outputs over Texas

Using the HRRR data in the “Ex3/Resources/HRRR” folder, the WRF-Hydro Noah-MP model was run and
a sample set of the outputs has been stored in “Ex3/Resources/WRF-Hydro/Output”. You will find the
following files in that folder:

2015021301.LDASOUT_DOMAIN1 (Hour 1 of model simulation)
2015021320.LDASOUT_DOMAIN1 (Hour 20 of model simulation)

(1) In ArcToolbox under “Multidimensional Tools”, double click on the “Make NetCDF Raster Layer”
tool.

37



(2) Navigate to the 2015021301.LDASOUT_DOMAIN1 file as the “Input netCDF File” and select the
“SOIL_M" variable from the dropdown menu. This variable contains soil moisture data for four
distinct layers in the soil column.

ﬁ hake NetCDF Raster Layer E@
- . . -
Input netCDF File — | Dimension Values
Ci\Fernandol Temp!FloodForecastingClass|Ex3\ Resources\WRF-Hydral Outputl 201 5021301, LDASOUT_DOMAINI @ (optional)
‘Wariable
SCIL_M - The value (such as
) ) 01/30/05) of the dimension
4 Dimension
(such as Time) or
wesk_east - 3
i - dimensions to use when
¥ Dimension _|| displaying the variable in
south_north * |7|| the output layer. By
Output Raster Layer default, the first value of the
SOIL_M_Layer dimensicn or dimensions

will be used. This default
value can also be altered
on the netCOF tab of the
Layer Properties dialog

Band Dimension {aptional)

Dimensian Yalues {optional)

| box.
Dimension Valug
soil_lavers_stag u] @
T i
K ] [ Cancel ] [Envirunments... ] [ << Hide Help ] [ Tool Help

(3) Click “OK” and “Zoom to Layer”. Again, the WRF-Hydro netCDF outputs do not contain the
proper metadata and dimensions to display the data in the proper coordinate system. However,
we can still visualize the outputs.

[Q et - arcving T= e ]
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38



(4) Right click on the “SOIL_M_Layer” and select “Properties”.
(5) Inthe “Symbology” tab, set the appropriate “Color Ramp”.

Layer Properties @
‘ Ganerall Soulcel Extent | D\splay| Symbalogy |NetCDF | Tirne |

Show

= Stretch values along a color ramp o =

Unique values

Classified

-
Discrete Color
Color Walue Label Labeling
T

Edit HighfLow Yalues

m

o Low 0
Felr e - -
[/] Display Background Value: -9,99¢ asE | 4
|| Use hillshade effect 1 Display MoData BSD
Strekch
Type: [Minimum-Maximum - ] Histogramms
- |:| Invert
N e
about symbology. [ Apply Gamma Stratch: 1

(6) Under “Stretch” and “Type”, select “Minimum-Maximum” from the dropdown menu and then
toggle the “Edit High/Low Values” box.

(7) Enter “0” as the low value and “0.3” as the high value.

(8) Toggle the “Display Background Value” box and enter the following value in the text box next to
it: -999999994495727290000000000000000.000000. Just copy and paste this value into the text
box. For some reason, WRF-Hydro outputs this value as the no data value.
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You'll notice that the soil moisture is low everywhere in the modeling domain.

4

(9) In ArcToolbox under “Multidimensional Tools”, double click on the “Make NetCDF Raster Layer”

tool again.
(10) Navigate to the 2015021320.LDASOUT_DOMAINL1 file and select “SOIL_M" as the variable.

"& take MetCDF Raster Layer E@

Input netDF File Make NetCDF Raster
Ci\Fernando’ TempFloodForecastingClass\Ex 3\ Resources\ WRF-HydrolOubputl 201502 1320, LDASOUT_DOMAIML Layer

Yariable

SOIL_M - Makes a raster layer from a

netCOF file.

# Dimension

west_sast -
¥ Dimension

sauth_north -

m

Cukput Raster Layer
SOIL_M_Layerl

EBand Dimension {optional)

Dimension Yalues {optional)

Dimension Walue

sail_layers_stag o

0K ] [ Cancel ] [Envirnnments... ] [ << Hide Help ] [ Toaol Help

(11) Click “OK”.
(12) Import the same symbology as the “SOIL_M_Layer”.
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(13) Return to the map and notice that at the bottom of the screen you’ll see higher soil moisture
values. This is the result of rain near the bottom of the modeling domain. If you scroll up to the
section of this document that talks about displaying the HRRR data, you'll see screenshots of
precipitation and you’ll see that it rained in the same area where the soil moisture increased. If
you’d like to see for yourself, the HRRR data used to run the WRF-Hydro Noah-MP model for this
exercise can be found in the “Ex3/Resources/HRRR” folder.

To be turned in: Prepare two maps, one showing the Geogrid over North America and another showing
one of the outputs of the WRF-Hydro computation over Texas.

River Routing

Within the NFIE-Hydro framework, the RAPID (Routing Application for the Parallel Computation of
Discharge) model is one of the models used to route water through a river network.® The RAPID model
uses the Muskingum method to route water and is based on two parameters, a k and x parameter, for
each computational node (i.e. river reach or segment) within the model. The k parameter is a time lag
parameter and the x parameter is a water storage parameter which varies from 0 to 0.5.

The RAPID model is primarily driven by runoff time series (surface and sub-surface), which represent
lateral inflows at computational nodes, and can be driven by gaged or modeled forcing time series at
particular points within the network. For example, in the figure below, runoff and sub-surface runoff is
aggregated over each NHDPlus catchment and provides lateral inflow to its’ corresponding river reach
(linked by COMID). At Granger Lake, one can specify the reservoir release at the Granger Lake dam as a

3 The RAPID model homepage can be found here: http://rapid-hub.org/
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time series and route the released water through the network instead of the flow upstream of the
reservoir. By specifying such forcing, one essentially breaks the routing network within the model at the
specified location.

Muskingum
Method

RAPID River Routing Model

River Application for Parallel Computatlon of Discharge Sprism = KQ
Syeqge = KX (1-Q)

Computational Unit for Rivers

Forcing: Runoff and reservoir releases X /— NHDPIus Catchment

Reservoir 'Runoff N \
Release \ v \ |

Granger
Lake

Legend
WV Dam

QO Junction

I: Catchment

http://rapid-hub.org/

Within the NFIE-Hydro framework, surface and sub-surface runoff from the WRF-Hydro Noah-MP model
will be used as one of the drivers of the RAPID model. This requires a data transformation from several
structured gridded model outputs (as you can see in the “Ex3/Resources/WRF-Hydro/Output” folder) to
one unstructured gridded model input (one file stored in netCDF that contains surface and sub-surface
runoff for each river segment in the modeling domain); this is called unstructured because the X and Y
coordinates of the river segments are not evenly spaced.

The RAPID model needs at a minimum five files to run:

e Basin file —list of all the river segments within the network

e Connectivity file — connection details between each river segment within the network; there are
7 columns within the file. The first column contains the river segment of interest, the second
column contains the downstream river segment, the third column contains the number of
upstream river segments, the fourth through seventh columns contain the upstream river
segments up to four segments (stored as a csv file)

o K file — k parameters for each river segment; the values are sorted in the same order as the first
column of the connectivity file (stored as a csv file)

o X file —x parameters for each river segment; the values are sorted in the same order as the first
column of the connectivity file (stored as a csv file)
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e Runoff file — surface and sub-surface runoff volume time series, in m3, for each river segment
(stored as a netCDF file)

Create RAPID input files using ArcGlS tools

The tools used in this section have been created by ESRI to facilitate channel routing using the RAPID
model.* In order to utilize these tools, you will need to install the netCDF4 library for python. You can

find the library here:

https://code.google.com/p/netcdf4-python/downloads/list

(1) Download the “netCDF4-1.0.7.win32-py2.7.exe” file and run it. Follow the installation

instructions.

! {8 Downloads - netcdfd-pytl % \

LN A=Y tps.//code.google.com/p/netcdf4-python/downloads/lis]

£ netcdf4-python

Python/numpy interface to netCDF

Project Home ~ Wiki

Search | Current downloads v | for

Filename v
netCOF4-1.0 7 win-amd64-py3.3 exe
netCDF4-1.0.7.win-amd64-py3.2 exe

netCDF4-1.0.7.win-amd64-py2.7.exe

netCDF4-1.0 7 win-amd64-py2.6 exe

netCDF4-1.0.7.win32-py2.6.exe
netCDF4-1.0 7 win32-py2 7 exe
netCDF4-1.0 7 win32-py3 2 exe
netCOF4-1.0.7 win32-py3 3 exe
netCDF4-1.07 tar.gz

Note: After installing the library, it is probably best to save your map, close and reopen ArcMap.

(2) Navigate to the “RAPID.pyt” toolbox in the “Catalog” on the right. The toolbox is located in the
“Ex3/Resources/RAPID/Tools/RAPID tools v2.2 02122015” folder.

4 Further documentation of the tools can be found in the “Ex3/Resources/RAPID/Tools” folder.

Search

Summary + Labels v
netCDF4 version 1.0.7 64 bit Windows installer for Python 3.3

netCDF4 version 1.0.7 64 bit Windows installer for Python 3.2
netCDF4 version 1.0.7 64 bit Windows installer for Python 2.7
netCDF4 version 1.0.7 64 bit Windows installer for Python 2.6
netCDF4 version 1.0.7 32 bit Windows installer for Python 2.6
netCDF4 version 1.0.7 32 bit Windows installer for Python 2.7
netCDF4 version 1.0.7 32 bit Windows installer for Python 3.2
netCDF4 version 1.0.7 32 bit Windows installer for Python 3.3

netCDF4 version 1.0.7 source
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(3) Double click on the “Create Subset File” script.
(4) Select “MFlowline” as the “Input Drainage Line Features” and save the output in the “Ex3/Data”
folder.

7 Create Subset File E@
o -
Input Drainage Line Features Outpui Subset File
[MFlowline |
Output Subset File No description available
C:\Fernandol TempiFloodFarecastingClass\Ex3\Datalbasin_Travis.csv
[ [o]'4 ] [ Cancel ] [Enwronments.“ ] [ << Hide Help ] [ Tool Help ]

(5) Click “OK”. The basin file will be added to your map as a table and you can open it by right
clicking on the basin table in the “Contents” pane on the left. The basin table will contain the
same number of rows as the “MFlowline” feature layer.
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Table
H- B R
basin_Trawis

Field1

¥ | STES239
S7oe009
2780987
2467016
S7E1303
781899
790138
S790128

TR 1r M E {0 out of 917 Selected)

(6) Double click on the “Create Connectivity File” script in the “RAPID.pyt” toolbox.
(7) Select “MFlowline” as the “Input Drainage Line Features” and save the output in the “Ex3/Data”

folder.
7 Create Connectivity File E@
- P
Input Drainage Line Features Create Connectlwty
[MFlondine | File
Cukput Netwark Conmectivity File
;\Fernando\ Temp\FloodForecastingClass\Ex3\Datalconnectivity _Travis, csy g;ﬁ;?tlﬁ?:"lﬂ;‘tﬂ CSV file
Maximum Murnber of Lpstreams (optional) for RAPID based on the
4 Drainage Line feature class
with HydrolD and
NextDownlD fields
OK ] [ Cancel ] [Environments..‘ ] [ << Hide Help ] [ Tool Help

(8) Input “4” as the “Maximum Number of Upstreams”.

(9) Click “OK”. The connectivity file will be added to your map as a table and you can open it by
right clicking on the connectivity table in the “Contents” pane on the left. The connectivity table
will contain the same number of rows as the “MFlowline” feature layer.
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Table
SRR Rl

connectivity_Travis

Field1 Field2 Field3 Field4 Field5 Field6 Field?
k| 1629509 ) 1629795 1 | 1629827 1} ul ul
1629511 | 1629799 1| 1629525 u] u] u]
1629515 | 16293801 1| 1628793 u] i i
1629517 | 1629803 1| 1629795 u] u] u]
1620543 | 1629563 i i u] i i
1629545 | 1629563 1| 1629815 1} ul ul
1629549 | 1629523 1| 1629529 u] u] u]
1629557 | 1629815 1| 16829531 u] i i
T 1w E (0 out of 917 Selected)

bazin_Trawis

The rows in the connectivity table will contain the COMIDs within the MFlowline feature layer.
The script itself uses the “NextDownID” field in the MFlowline feature layer; it has already been
populated as part of NFIE-Geo.

(10) Double click on the “Create Muskingum Parameter Files” script in the “RAPID.pyt” toolbox.
(112) Select “MFlowline” as the “Input Drainage Line Features” and save the outputs in the
“Ex3/Data” folder.

57 Create Muskingum Parameter Files E@
Input Drainage Line Features - Create Muskingum
[MFlowline = & Parameter Files
Oukput kfac File -

C:\Fernandol TempFloodFarecastingClass\Ex3\Datalkfac_Travis.csv [,'—_"-'-; g;ﬁﬁt:;ﬁ:gﬂugsv flas
Oukput k File - for RAPID based on the
C:\Fernando’ TempiFloodForecastingClass|Ex3\Datalk_Travis.csv [,:_’—‘;. Drainage Line feature class
— with HydrelD and
E — NextDowniD fields
C:\Fernandol TempFloodFarecastingClass\Ex3\Datalx_Travis.csv @J

[o]'4 I l Cancel I lEnwronments.“ I l << Hide Help I l Tool Help

Note: The kfac file is part of the output of this script however is not required to run the RAPID
model; kfac values are used to derive k values. If you open the attribute table of the “MFlowline”
feature layer, you’ll see a field called “Musk_kfac” which has already been populated as part of
NFIE-Geo.

(12) Click “OK”. The kfac, k and x files will be added to your map as tables and you can open them by
right clicking on the tables.
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Table
H - B B
k_Trawis

Field1
3 543 927983
4440700422
779.304665
4836 402334
£9158.198411
374593195
1231848503
1701792005

TR 1k o E {0 out of 917 Selected)

basin_Trawis | connectivity_Trawvis |k

The values within the kfac, k and x tables are derived from the “Musk_kfac”, “Musk_k” and
“Musk_x” fields within the “MFlowline” attribute table. These fields have already been
populated as part of NFIE-Geo. The following equations have been used to calculate the kfac, k
and x parameters:

Kfac = LENGTH_GEO x 3600

K= Kfac X }\k
where A= 0.35 as suggested by the Dr. Cedric David (RAPID model developer) as an initial guess

Note: “LENGTH_GEO” is a field within the MFlowline feature layer and has already been
populated as part of NFIE-Geo; the units of “LENGTH_GEO” are kilometers.

X=Ax0.1
where A = 3 as suggested by the Dr. Cedric David (RAPID model developer) as an initial guess

(13) Double click on the “Create Weight Table From WRF Geogrid with Four Map Projections
Supported” script in the “RAPID.pyt” toolbox.

This tool will create a weight table by overlapping a WRF-Hydro GEOGRID file with a catchment
feature class. This table can be used to create a RAPID runoff file by providing information which

helps translate runoff from a WRF-Hydro gridded output to a RAPID catchment input.

(14) Navigate to the “geo_em.d01_Texas_3km.nc” GEOGRID file.
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7 Create Weight Table Frarn WRF Geogrid With Four Map Projections Supported

Input WRF Geogrid File Output

C:iFernandal TempiFloodForecastingClass|Ex3\Resourcesi WRF-Hydrolgeo_em.d01_Texas_3km.nc @ Compuiatiorlal Grid
Input Catchment Features P°|yg°n Feature
[Cotehment = @ Class (optional)
SE::?U{EEID - Mo description available
Cutput Weight Table

C:\Fernandol Temp\FloodForecastingClass| Ex3\DatalweightTable_Travis.csv @
Cutput Computational Grid Polygan Feature Class {optional)

C:YFernandol TempiFloodForecastingClass|Ex3\WFIEGen. gdbyWRFHydro_GRID_Texas @
Cutput Computational Grid Point Feature Class {optional)

=
[e]4 ] [ Cancel ] [Environments... ] [ << Hide Help ] [ Tool Help

(15) Select the “Catchment” features.
(16) Select “FEATUREID” as the “Stream ID”
(17) Save the table in the “Ex3/Data” folder.

(18) Save the “Output Computational Grid Polygon Feature Class” in you geodatabase.

(19) Click “OK”. The script will take approximately 10 minutes to run.
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Navigate to the weight table you just created and open it in Excel. You will see that catchment

with COMID “1629509” overlaps with “4” grid cells.
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weeightTable_Travis.cow - Microsoft Excel

Page Layout Farmulas Data Review Wiew

ST A
Harme Insert

&j {‘cut Calibri <l - A AT Savirap Text General }g —ﬂ:ﬁ Mormal Bad
=3 Copy ~
PA G romint B 4 TS - A Buzeacerars| 8 - % o | 88| o T | ERKEINN oerocoy -
Clipboard Font Alignment Mumber Styl
a2 - fe | 1629509
[ a ] B c D [ E ] F G H ] [ 1 LK
= 1 FEATUREID area_sqm west_east south_north npoints weight Lon Lat X 1
| 2 | 1629509 1454295.087 195 167 4 0.80850899 -97.8214 30.0642 -31249.95526 -20517.11185
| 3 | 1629509 64862.84564 195 168 4 0.036060215 -97.8215 30.0909 -31249.95526 -17517.11185
| 4 | 1629509 279278.1459 196 167 4 0.155263463 -97.7905 30.0643 -28249.95526 -20517.11185
5 1629509 300.9853142 196 168 4 0.000167331 -97.7906 30.091 -28249.95526 -17517.11185
6 1629511 3985238.243 196 167 4 0.770819327 -97.7905 30.0643 -28249.95526 -20517.11185
7 1629511 958790.6485 196 168 4 0.185447975 -97.7906 30.091 -28249.95526 -17517.11185
8 1629511 215840.4851 197 167 4 0.041747571 -97.7597 30.0644 -25249.95526 -20517.11185
9 1629511 10263.37025 197 168 4 0.001985127 -97.7598 30.0911 -25249.95526 -17517.11185
10 1629515 166478.372 196 166 2 0.270611311 -97.7904 30.0376 -28249.95526 -23517.11185
11 1629515 448715.3211 197 166 2 0.729388689 -97.7596 30.0377 -25249.95526 -23517.11185

(20) Open the attribute table of the “Catchments” feature layer.

(21) Right click on the “FEATUREID” field and select “Sort Ascending”.

(22) Select the first row, which has “1629509” listed as its “FEATUREID” and then click on the “Zoom
to Selected Features” icon.

Table
g BT
Catchrnent Zoorn To Selected
OBJECTID * Shape * GRIDCODE | FEATUREID SOURCEFC | AreaSgKM | Shape_Length Shape_Area
597 | Polygon 1643917 1629509 | MHDFlowline 1.7973 30708971057 19346368 34388
564 | Polygon 1643503 1629511 | MHDFlowline 5166 44085 785896 S5E07S72.993949
E77 | Polygon 1643718 1629515 | MHDFlowline 06147 14757 045525 E616815.063649
S60 | Palygon 1643245 1629517 | MHDFlowline 49347 41532180112 5311534038573
911 | Palygon 1644272 1629543 | MHDFlowwline G.E165 595354 956734 Q27526588 5581557
5887 | Palygon 1643527 1629545 | MHDFlowwline 0.0634 5511 116938 736293.247405
395 | Palygon 1643915 1629549 | NHDFloveline 16.9245 G6025.5844 18215813574 613031
592 | Palygon 1643573 1629557 | MHDFlowvline 0.7o11 17716.641057 74702357233
TR b E {1 out of 911 Selected)
Catchrment
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You'll notice in your map that the selected catchment, “1629509”, overlaps “4” grid cells as is
stated in the weight table.

FEI= A = sweightTable_Travis.cov - Micrasoft Bxcel
Home | Insert  FPagelayout  Formulas  Data  Review  View

[ l= ‘f(“t . calibri S Ay = e Sivirap Text General - E:g A‘d‘ Mormal Bad
D ) B L U-|Sic| H-A- Emerge aicenter = § v % 3 | %8 5% Conditional Format lZl Explanatory ..
4 U7 < Format Painter = - Formatting ~ a3 Table ~
Cliphoard Fant Alignment Humber Syl
I A2 - fe | 1629509
A B C D E F G H | ] K
= 1 |[FEATUREID area_sqm wast_east south_north npoints weight Lon Lat X v
2 1629509 1454295.087 195 167 4 0.80850899 -97.8214 30.0642 -31249.95526 -20517.11185
13 1629509 64862.84564 195 168 4 0.036060215 -97.8215 30.0909 -31249.95526 -17517.11185
4 1629509 279278.1459 196 167 4 0.155263463 -97.7905 30.0643 -28249.95526 -20517.11185
5 1629509 300.9853142 196 168 4 0.000167331 -97.7906 30.091 -28249.95526 -17517.11185
6 1629511 3985238.243 196 167 4 0.770819327 -97.7905 30.0643 -28249.95526 -20517.11185
7 1629511 958790.6485 196 168 4 0185447975 -97.7906 30.091 -28249.95526 -17517.11185
8 1629511 215840.4851 197 167 4 0.041747571 -97.7597 30.0644 -25249.95526 -20517.11185
9 1629511 10263.37025 197 168 4 0.001985127 -97.7598 30.0911 -25249.95526 -17517.11185
10 1629515 166478.372 196 166 2 0.270611311 -97.7904 30.0376 -28249.95526 -23517.11185
11 1629515 448715.3211 197 166 2 0.729388689 -97.7596 30.0377 -25249.95526 -23517.11185

The “west_east” and “south_north” fields indicate the index of the grid cells in the WRF-Hydro
output files. For example, if you zoom to the “SOIL_M_Layer” layer, you can use the coordinates
in the bottom right hand corner to find the (195, 167) coordinate.
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The “weight” column indicates the percent of the catchment area that overlaps the indicated
grid cell. For example, the first row says that 80.85% of catchment “1629509” falls within grid
cell (195, 167). Therefore, when calculating the total runoff for catchment “1629509”, one
would multiply the runoff value in grid cell (195, 167), units of runoff are in mm/unit area, by
the area of the catchment and then by the weight.

Runoff (m3) = [RunoffValue] X (1/1000) X 1454295.087 X 0.8085

This step is repeated for each grid cell that overlaps the catchment and then the values are
summed up.

To be turned in: Select reach catchment 5781369 within the Travis County NFIE-Geo coverage and make
a map of this catchment overlaid by the WRF-Hydro geogrid mesh. Determine the weight table needed
to convert WRF-Hydro runoff to produce input flows for RAPID for this catchment. Explain how this
would be used to compute total runoff for this catchment. Specify the Muskingum routing parameters
for the flowline of this catchment.

To Be Turned In

(1) Present a short sequence of maps that shows precipitation evolving over Texas.

(2) Prepare two maps, one showing the Geogrid over North America and another showing one of the
outputs of the WRF-Hydro computation over Texas.

(3) Select reach catchment 5781369 within the Travis County NFIE-Geo coverage and make a map of this
catchment overlaid by the WRF-Hydro geogrid mesh. Determine the weight table needed to convert
WRF-Hydro runoff to produce input flows for RAPID for this catchment. Explain how this would be used
to compute total runoff for this catchment. Specify the Muskingum routing parameters for the flowline
of this catchment.
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