The GRACE Groundwater Subsetting
Tool (GGST)

Use of the Gravity Recovery and Climate Experiment (GRACE) mission to monitor groundwater
storage change: National workshop for Jordan and State of Palestine

Amman Jordan, February 25-26
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Getting Started Code Community Publications

Geospatial and scientfic
"\ web applications
for the 21st century.

Learn Mare

https://www.tethysplatform.org/

Tethys Platform has been designed to lower the barrier to geospatial web
app development. Convey your models and data as interactive web apps.
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Adding and Deleting Regions
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App Navigation

Add Region
Home )
Region Display Name
Global Map
Configuration Shapefile File (Required):
| Choose Files | Na file chosen
Add a Region
Delete a Region \ LS

Update Global Files

Click on Add a Region

To add or delete
regions, you must be
logged in to the portal
with a user account.
Otherwise, the admin

control panel on the left
is hidden.
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App Navigation
Home
Region Display Name
Global Map Virginia
Configuration Shapefile File (Required):

Choose Files | No file chosen

Delete a Region / .

Add a Region

Update Global Files

The projection for the
shapefile should be
EPSG:4326 - WGS 84

@ Open
4k » ThisPC > JDrive () > virginianew > virginia > y & Search virginia
Organize « New folder = w
Name ‘ Date modified Type Size
ImportLog 2/16/2022 9:18 PM File folder
Index 2/16/2022 9:18 PM File folder
virginia.gdb 2/16/2022 9:18 PM File folder

-

[ VirginiaShapeFile.dbf
[ virginiaShapeFile.prj
0 VirginiaShapeFile.shp

[] VirginiaShapeFile.shx

S—

16/2022 9:09 PM DBF File
16/2022 9:09 PM ANSYS 2020 R1 .pr...
16/2022 9:09 PM SHP File
16/2022 9:09 PM SHX File

- Provide a name for the region to be uploaded
- Choose 4 files ( .dbf, .pri, .shp and .sh)

File name: | "VirginiaShapeFile.shx" "VirginiaShapeFile.dbf" "VirginiaShapeFile.py" ' ~

Open ‘

Custom Files (*.shp;*.shx;* prj;* ~

Cancel
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App Navigation .
Add Region
Home
© Adding Region. Please wait...
Global Map
Configuration Region Display Name

Virginia
Add a Region

Shapefile File (Required):

Delete a Region

| Choose Files |4 files

Update Global Files m

A message will appear when the four
files are being processed.
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App Navigation

Add Region
Horme
©@ Region Upload Complete!
Global Map
Configuration Region Display Name

Add a Region

Delete a Region

Shapefile File (Required):

| Choose Files | No file chosen

Update Global Files

A message showing the region is now
added to the application.
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App Navigation
This app produces basic maps and timeseries using data from the GRACE mission
Global Map
Select a region from the dropdown below to view timeseries and an interactive map.
Configuration Select a Region
India Haryana a
Add a Reqgion
Delete a Region -
Tennessee

S IR Mississippi Alluvial Aguifer

Arab Region

India Punjab Haryana Rajasthan

India Punjab

—

The region can be accessed
through the Home ribbon
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App Navigation .
Delete Region

Home

Select a Region
Global Map Niger Chad
Configuration = Delete Region
Add a Region

Delete a Region

Update Global Files
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Introduction

The API for the GGST allows users to retrieve ground water information about a point or region without having administrative privileges to the GGST web
application. The GGST API has four functions. Each of these functions requires different inputs and returns different results as desired by the user. The name
of each function gives a glimpse of what each accomplishes. The four functions are:

s getStorageOptions
» getPointValues

o getRegionTimeseries
s subsetRegionZipfile

To run some of the functions listed above, the user will need an authentication token. Please refer to the third section of this documentation on how to obtain
the said token. The API can be implemented in many ways using a variety of coding languages and platforms. We have provided an example implementation
using the Python code language in a Google Colab notebook. Our example notebook is hosted on GitHub and can be access through a link at the bottom of
this page. If you choose to use Python to call the API, we recommend the xarray and geopandas Python packages be used to process your data. The former

helps in visualizing and interacting with the raw netCDF data returned while the latter helps in uploading the shapefile(s) for the subsetting.
To launch the code, please click on this button. The notebook will open in a new tab.
API Methods

All four functions follow the same pattern as shown by the URL examples below. Each of the terms in brackets along with the parameters and values would be
replaced by string values.

<span> https:/tethys-staging.byu.edu/apps/[parent-app]/api/[MethodName]/?param1=value1&param2=value2&...paramN=valueN </span>

To test the API, the user will need a zip file of the region of interest. We have provided an example of files in the appropriate format. You may use your own zip
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i + Code + Text #* Copy fo Drive Connect = @ Colab Al A

2 # View available storage types
C{ L] 3 storage_options = requests.get(portal+ "/apps/ggst/api/getStoragelptions/")
4 storage options.json{)

) AN

ex| ¥ Function 2: getPointValues

| [l #@markdown ### **Set desired inputs for getPointValues function and run this cell** Set desired inputs for getpoint\\'alues function and run this cell
Latitude = 33#@param {type:"number”}

Lat = str(lLatitude) Latitude: 33

Longitude = -80@ #@param {type:"number"}

Lon = str(Longitude)
F2_Storage Option = "guw" #@param ["gw", "sm", "sw", “"swe", "tws", “"canopy", “grace"] Longitude: -80

[V R ST e

=

#Run getPointValues function with your inputs F2_Storage_Option: gw -
pointvalues = requests.get(portal + "/apps/ggst/api/getPointvalues/?latitude="+Lat+"&longitude='

wooga -l

[ 1 1 #@markdown ### **Run this cell to convert the request to a dataframe and view the timeseries tal Run this cell to convert the requesttoa dataframe and view the timeseries table
2 # Get the json object from the reguest
3 pointvalues_json = pointwvalues.json()
4 # Create & dataframe from the JSON for plotting
5 point_ts = (pandas.DataFrame(columns=["date", "ts"], data=pointvalues_json["wvalues"])
6 .merge{pandas.DataFrame(columns=["date", "error_min", "error_max"], data=pointvalue:
7 point_ts["date”] = pandas.to_datetime(point_ts.date*18000880)
8 point_ts
[ 1 1 #@markdown ### **Run this cell to plot the dataframe** Run this cell to p|0t the dataframe
2 # Plot the dataframe with error range
3 fig, ax = plt.subplots(1, 1, figsize=(25,3))
4 ax.plot(point_ts.date, point_ts.ts)
5 ax.fill_between(point_ts.date, point ts.error_min, point_ts.error_max, alpha=8.35)
6 ax.set_title(F2_Storage Option+' Anomaly Timeseries at Point ' +Lat+', '+lon)

[ 1 1 #@markdown ### **Run this cell to create timeseries CSV** Run this cell to create timeseries CSV
2 #@markdown You can download the CSV from the files panel on the left side of the window
3 #Export timeseries to CSV You can download the CSV from the files panel on the left side of the window

4 point_ts.to_csv('PointTimeseries_‘+Lat+’' '+Lon+".csv™)



Obtaining an Authentication Token

@ Tethys Portal

Apps Library

Apps sarva v

L User Settings
G+ LogOut

@ Tethys Portal

Name First Name:

Last Name:

Copy this string (hidden
here for privacy)

Credentials Username:  sarva

API Key Token:

In order to perform regional
subsetting with a shapefile
using the API, you will need
an authentication token
from a user account on the
server you are using. This is
entered in the API script.
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{x} [+ I
» W sample_data \0/= [7] 1 #@markdown ### **Run this cell to plot the dataframe** Run this cell to plo‘t the dataframe
B PointTimeseries_33_-80.csv ) 2 # Plot the dataframe with error range

3 fig, ax = plt.subplots(1l, 1, figsize=(25,5))
4 ax.plot{point_ts.date, point_ts.ts)

i 5 ax.Till _between(point_ts.date, point_ts.error_min, point_ts.error_max, alpha=@. I_ t_ rggt_i = charting gf !‘esults

6 ax.set_title(F2_Storage Option+' Anomaly Timeseries at Point ' +Lat+', '+lon) o T

Text(@.5, 1.2, 'gw Anomaly Timeseries at Point 33, -88")
gw Anomaly Timeseries at Point 33, -80
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‘U/= © 1 #@markdown ### **Run this cell to create timeseries CSV** Run this cell to create timeseries CSV
y 2 #@markdown You can download the CSV from the files panel on the left side of t
3 #Export timeseries to CSV You can download the CSV from the files panel on the left side of the window

4 point_ts.to csv('PointTimeseries “+lat+'_'+lon+".csw")

> Requesting Info for Regional Functions 3 and 4

[ 1 L2cells hidden
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The GGST app uses GRACE data to generate time series and animated maps of groundwater storage changes. GRACE provides monthly estimates of water storage anomalies in
equivalent water height and has provided monthly gravity field solutions since April 2002. Estimates of mass variability and associated observational errors are available on a global
300 km grid. GRACE has proved an effective tool for characterizing groundwater storage changes in large regions (J. Famiglietti et al., 2011; J. S. Famiglietti, 2014; Rodell, Velicogna, &
Famiglietti, 2009; Thomas, Reager, Famiglietti, & Rodell, 2014).

While several tools have been developed for processing and visualizing GRACE data, GGST is designed specifically to support groundwater resource management by regional
stakeholders and decision-makers. We accomplish this by carefully processing the raw GRACE data to remove anomalies and improve resolution. This is done by separating the
groundwater component from the other water storage components using GLDAS, subsetting the data to specific regions of interest, and by presenting the results in a simple, intuitive
interface. The algorithm we use to process the GRACE and GLDAS data to produce groundwater anomalies on both a global and regional scale is described in detail on the Algorithm

page.

You can access GGST using the Tethys Web Application or by using the APl and the associated Google Colaboratory Notebook that makes the APl intuitive to use. A brief introduction

to these two methods is provided below.

GGST Web Application

The GGST web application was built using Tethys Platform. Tethys is a web-based application development framework for rapid deployment of end-user-focused tools that follow
modern, consistent, scalable, cross-platform, reusable, web programming paradigms. Tethys is built on commonly used web programming frameworks (e.g., Django, GeoServer, PostGIS,
OpenLayers). It is an open-source platform which allows anyone to observe and use the GGST as a decision support system to ensure sustainable usage of groundwater. It was
developed in the BYU Hydroinformatics Laboratory and is now supported by a growing user and developer community. To access the GGS5T web application, visit

https: /tethys.byu.edu/apps/ggst/.

Anyone can open the app to view the currently uploaded regions and download the timeseries plots. View the screenshot below to see how to manipulate the map and download the
data. Users can change the storage component displayed and the color bar style. Use the animation bar to view the storage change over time. Users can also download the time series
plots as an image or as a table. The web app does not yet support downloading the NETCDF file raster that is displayed but this can be downloaded using the API.
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