Displaying RAPID outputs in ArcGIS
By Cédric H. David (cedric.david@jpl.nasa.gov),
09 Nov 2011, updated 21 Jan 2015

Goal

Learn how to display a map of flow rates and a hydrograph from flow rate computations available in a
netCDF file produced by RAPID using ArcGIS.

Requirements
The ArcGIS software, and basic knowledge on how to use it.

A shapefile of the rivers used in RAPID and the corresponding netCDF outputs from RAPID. Examples of
these files are available at http://rapid-hub.org/.

Introduction

RAPID provides flow rate computations in m*/s for each one of the many thousands river reaches in a
large river network, and at every time step. All these values of flow rate are stored in a netCDF file with
two dimensions: River ID, and Time. The River ID is an integer that uniquely defines each river reach of
the river network. The example demonstrated here uses a river network extracted from the NHDPlus
dataset. In the NHDPlus dataset, an integer called COMID uniquely defines each river reach, and serves
here as the River ID. More information on netCDF can be found on the netCDF website:
http://www.unidata.ucar.edu/software/netcdf/, although a perfect understanding of netCDF files is not

required for this tutorial.

In this tutorial, the shapefile containing the river network is called
“NHDFlowline_San_Guad_withdir.shp” and contains 5,175 river reaches. The netCDF file containing
RAPID flow rate computations for the corresponding river network is called
“Qout_San_Guad_1460days_p3_dtR=900s_n1_comid.nc” and contains one value for each of the 5,175
river reaches every 3 hours between 01/01/2004 and 12/30/2007 (a total of 11,680 time steps).
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Example flow map for the San Antonio and Guadalupe Basins in Texas
Open “NHDFlowline_San_Guad_withdir.shp” in ArcGIS. It should look like this:
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Use the “Make netCDF Table View” tool available in the “Multidimension Tools” toolbox.
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The “input netCDF file” is the netCDF file with RAPID outputs
“Qout_San_Guad_1460days_p3_dtR=900s_n1l_comid.nc”. Variables is “Qout”. Row Dimensions is

“COMID”. Name the Output Table View as “Flow_map”.
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If all goes well, the following should appear:
Make NetCDF Table View =
e
<< Details
™ Close this dialog when completed successfully
Start Time: Wed Nov 09 16:33:38 2011 -
Executed (MakeNetCDFTableView)
successfully. ml
End Time: Wed Nov 09 16:33:38 2011 |
(Elapsed Time: 0.00 seconds) =
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This makes a table in which a value of flow rate (“Qout”) is given for each of the 5,175 river reaches
based on the unique identifier of NHDPIus rivers called “COMID”. By default, ArcGIS picks the first time

step of the netCDF file. Opening the table should look like the following:

Attributes of Flow_map

(=] E [

=]
=]

COMID Qout

3585576 | 0.000006
3585690 | 0.000076
3585718 | 0.000049
3585608 | 0.00012
3585598 | 0.000134
3585592 | 0.000026
3585610 | 0.000158
3585692 | 0.000024
3585636 | 0.000174
3585594 | 0.000042
10 | 3585658 | 0.00021
11 | 3587676 | 0.000073
12 | 3587668 | 0.000031
13 | 3587566 | 0.000112
14 | 3585848 | 0.000147
15 | 3585796 | 0.000299
16 | 3585794 | 0.000372
17 | 3587722 | 0.000055
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Now use the “Select by Dimension” tool available in the “Multidimension Tools” toolbox.
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./ Feature to NetCDF
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.. Make NetCDF Raster Layer
- Make NetCDF Table View
A Raster to NetCDF

# 4 Select by Dimension

A Table to NetCDF

Select the table that was just created as the “Input Layer or Table” and select “Time” as the “Dimension
Values”. Pick time step number 10,609 which corresponds to 08/19/2007 between 00:00 and 03:00.

A Select by Dimension (=] & [
Input Layer or Table " | Dimension Values
| Flow_map =l D“‘l (optional)
Dimension Values (optional)
j A set of dimension-value
— pairs used to specify a
Dimension | value +| slice of a multidimensional
Time 10608 variable.
1 | e dimension—A
netCDF dimension.
3
o {value}—A value of
the dimension to
< 1 | » specify a slice of a
Value Selection Method (optional) multidimensional
| BY_vaLue ~| variable.
< | m | » -
oK | Cancel | Environments... | << Hide Help I Tool Help
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If all goes well, the following should appear:

Select by Dimension =

e
<< Details

[ Close this dialog when completed successfully

Start Time: Wed Nov 09 16:35:58 2011 -
Executed (SelectByDimension)
successfully.

End Time: Wed Nov 09 16:35:59 2011
(Elapsed Time: 1.00 seconds)

m. |

1

The table has now been updated with new values, opening it shows:

Attributes of Flow_map E=EIX)

COMID Qout -
3585576 | 0.000053 (3
3585690 | 0.000354
3585718 | 0.000721
3585608 | 0.001079
3585598 | 0.001289
3585592 | 0.000026
3585610 | 0.001316
3585692 | 0.000012
3585636 | 0.001328
9 | 3585594 | 0.000026
10 | 3585658 | 0.00136
11 | 3587676 | 0.000066
12 | 3587668 | 0.000008
13 | 3587566 | 0.000098
14 | 3585848 | 0.000117
15 | 3585796 | 0.000235
16 | 3585794 | 0.000437
17 | 3587722 | 0.000302
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Now let’s use these values to plot a map of river flow. In order to do that, join the shapefile with the
above table using COMID to base the join on:
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Join Data

(2 [

Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

What do you want to join to this layer?

IJoin attributes from a table LI

1. Choose the field in this layer that the join will be based on:

1D v

2. Choose the table to join to this layer, or load the table from disk:

= =

I Flow_map
[V Show the attribute tables of layers in this list

3. Choose the field in the table to base the join on:

|commp |

r—Join Options

% Keep all records

All records in the target table are shown in the resulting table.
Unmatched records will contain null values for all fields being
appended into the target table from the join table.

" Keep only matching records

If a record in the target table doesn't have a match in the join
table, that record is removed from the resulting target table.

About Joining Data | ok | Cancel
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Change the layer properties of “NHDFlowline_San_Guad_withdir.shp” by displaying the symbology with

graduated symbols based on “Qout”.

General | Source | Selection I Display
Show:

Layer Properties Y .h~’ . M
- .
Hatches Joins & Relates | HTML Popup

Symbology | Fields | DefintionQuery | Labels | Routes |

’Dtaw quantities using symbol size to show relative values.

Import... I
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. Graduated symbols Nomalization: lnone LI Clagses: |5 vl &I
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137.699891 - 273.027863 137.699891 - 273.027863
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That’s it! The following map should display:
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Example hydrograph for the San Antonio and Guadalupe Basins in Texas
Use the “Make netCDF Table View” tool available in the “Multidimension Tools” toolbox.

=& Multidimension Tools
.4 Feature to NetCDF

. Make NetCDF Feature Layer
-#* Make NetCDF Raster Layer
4
-#* Raster to NetCDF

.4 Select by Dimension

../ Tableto NetCDF

The “input netCDF file” is the netCDF file with RAPID outputs
“Qout_San_Guad_1460days_p3_dtR=900s_n1_comid.nc”. Variables is “Qout”. This time, Row
Dimensions is “Time”. Name the Output Table View as “Hydrograph”.

P Make NetCDF Table View (=] & [
Input netCDF File “ | Output Table View
I Qout_San_Guad_1460days_p3_dtR=900s_n1_comid.nc g
Variables The name of the output
| table view.
Qout ﬂ
X
il
3
Output Table View |
| Hydrograph|

Row Dimensions (optional)
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Time ﬂ
x|
N
il ‘
3
Dimension Values (optional)
=l
Dimension ] Value ﬂ
X
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3
< | n ] »
Value Selection Method (optional)
| BY_vaLuE |
<| n | » ) .
OK I Cancel Environments... I << Hide Help l Tool Help
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Make NetCDF Table View =

e
<< Details

™ Close this dialog when completed successfully

Start Time: Thu Nov 10 11:42:46 2011 -
Executed (MakeNetCDFTableView)
successfully.

End Time: Thu Nov 10 11:42:46 2011
(Elapsed Time: 0.00 seconds)

m

The table should look like this:

Attributes of Hydrograph (= E 3
0ID | Time Qout -
[ 1 0.000006 @
1 2 | 0.000006
2 3| 0.000005
3 4| 0.000003
4 S | 0.000001
5 6 0
6 7 | 0.000001
7 8 | 0.000002
8 9 [ 0.000003 |
9 10 | 0.000004
10 11 | 0.000004 .
1 12 | 0.000001
12 13 0
13 14 0
14 15 0
15 16 | 0.000003
16 17 | 0.000004
17 18 | 0.000004 i
Record: il ﬂ 1 L'ﬂ Show: W Selected I Records (0 out of 11680 Selected) Options vI

The number of records is now 11,680, i.e. the number of time steps in the RAPID output file.

Now use the “Select by Dimension” tool available in the “Multidimension Tools” toolbox.

=& Multidimension Tools
. . /P Feature to NetCDF
- Make NetCDF Feature Layer
- Make NetCDF Raster Layer
A Make NetCDF Table View
.4 Raster to NetCDF

# 4 Select by Dimension

A Tableto NetCDF

Select the table that was just created as the “Input Layer or Table” and select “COMID” as the
“Dimension Values”. Pick a COMID value of 1639225 which is the COMID on which the USGS station
called Guadalupe Rv at Victoria, TX is located.
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A Select by Dimension (=] & [
Input Layer or Table Select by Dimension
IHydrograph ;I
Dimension Values (optional) Updates the netCDF layer
| display or netCDF table
view based on the
Dimension | value +| dimension value.
COMID 1639225
ki
3
< | n ] »
Value Selection Method (optional) '
| BY_vALUE ~|
< m ] » -
oK Cancel Environments... I << Hide Help | Tool Help
Select by Dimension =
e
<< Details
™ Close this dialog when completed successfully
Start Time: Thu Nov 10 11:45:43 2011 -
Executed (SelectByDimension) i
successfully.
End Time: Thu Nov 10 11:45:43 2011 2
(Elapsed Time: 0.00 seconds)
The table has now been updated:
Attributes of Hydrograph 3 =68
0ID { Time Qout -
0 1] 0.024414 3
1 2| 0.167867
2 3| 0.489463
3 4| 0.848566
4 S| 1.194566
S 6| 1.583804
6 7 211269
7 8| 2943521
8 9| 4143847 J
9 10 | 5772614

10| 11| 7.789944
11 12| 9.998836
12| 13| 12.078433
13| 14| 13.785082
14| 15| 15.032164
15| 16| 15.868622
16| 17| 16.387611
17 16.679667 il

18
'R-eoord: ;j ﬂ-l-“ — 0 j i] Show: W Selected | Records (0 out of 11680 Selected) Options v|
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Now let’s plot the hydrograph using Tools/Graphs/Create.
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Pick Vertical Line as the Graph type, Hydrograph as the Layer/table and Qout as the Y field. That’s it!
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Further information
RAPID website: http://rapid-hub.org/
RAPID source code: https://github.com/c-h-david/rapid/
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