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Open Water Foundation

Social enterprise 501(c)3 nonprofit focusing on developing
open source software and open data tools to help make
better decisions about water resources. Water is a public

resource, and water data
public.

re tools should also be

/{

openwaterfoundation.org




Snow and Ice

Snow and ice behave
differently under
different conditions




CDSS SNODAS Tools Project Overview

* Colorado Water Conservation Board (CWCB)
Severance Tax Project
 Team led by the Open Water Foundation
* Main goals of project, from scope of work:
o Improve water resources data access and
transparency
o Help water managers visualize data for
their supply basins
o Improve information for water providers
and their customers



Project Need

* Some basins do not have snow monitoring
stations (SNOTEL)

» Existing monitoring stations are not
representative of snow conditions across the
entire watershed

 Water managers lack late-season information
because snow has melted out at observing
stations



Context Climate Change
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Context - Dust on Snow

| Dust on Snow Controls
| Springtime River Rise in West

=l “The researchers found that

-4 the effects of dust

¥l dominated the pace of the
spring runoff even in years
with unusually warm spring
air temperatures.

Conversely, there was almost
no statistical correlation
between air temperature and
the pace of runoff.”

P A _h tﬁ"%d ’
https://www.jpl.nasa.gov/news/dust-on-snow-controls-springtime-river-rise-in-west
Photo credit: NASA



https://www.jpl.nasa.gov/news/dust-on-snow-controls-springtime-river-rise-in-west

Context - World Risks

' and tech pose the biggest risks to our

Wo‘rld Economic Forum: : r
- https://www.weforum. org/agenda/2018/01/tha biggest- rlsks in-2018-will-be-environmental-and-technological
Photo by Ross Stone on Unsplash w'. i = :
’ . el s -
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https://www.weforum.org/agenda/2018/01/the-biggest-risks-in-2018-will-be-environmental-and-technological
https://unsplash.com/@rs2photography?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/wildfires?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText

Context - Natural Disasters

N \EWS s R S o Io, https://en.wikipedia.org/wiki/List_of U.S. states_and_territories_by GDP

Federal report says 2017 shattered US damage record for

natural disasters $306.2B (does not consider loss of work?)

By BILL HUTCHINSON -
14 14 Zlg];.-’-.GES%Egt.{tﬂe‘ GDP 46,1 U 2.54
5 15 | Mg Maryland 382,437 2.07
16 16 | i Indiana 347,249 1.88
17 17 | E} Minnesaota 339,096 1.83
18 18 | IEl Tennessee 331,668 1.79
19 19 @c 322 644 1.74
20 20 | i TTstomes FTT.038 1.69
21 21 | gl Arizona 305,849 1.65
22 22 | == Missouri 299,113 1.62
23 23 | EA Connecticut 259,918 1.40
24 24 | 4 Louisiana 236,999 1.28
2 * €0 2017 budget: $26.8 B
T it = chVa ter Pfan Needs: $40B? |

WATCH | Federal report says 2017 shattered US damage record for natural 78




Context - Agriculture

Perennial Crop Solutions to Annual Agricultural Challenges

Perennial plants do not have to be reseeded or replanted every year, so they do not require annual

plowing or herbicide applications to establish.

Perennial crops are robust; they protect soil from
erosion and improve soil structure. They increase
ecosystem nutrient retention, carbon
sequestration, and water infiltration, and can
contribute to climate change adaptation and
mitigation. Overall, they help ensure food and

water security over the long term.

Many fruit, forage and some vegetable crops,

including fruit trees, alfalfa, grapes, asparagus, and

olive trees, are perennials that have been grown Annual wheat on the left, and Kernza® on the right.
for thousands of years. The Land Institute is

working to add perennial grains, legumes, and oilseed crops paskaa

Perennial grains, iegumes and oilseed varieties represent a pgrad gm pr W’Ll Change-% ’n
great potential for truly sustainable production systems. In gadit Ct’matet’ﬁhydraicogy’ and

perennial food crops, The Land Institute also conducts ecol

er to
LO

put those crop plants into diverse mixtures called polycultu

d natural /st . o .
e https://landinstitute.org/our-work/perennial-crops/

We are using two approaches to breed perennial grain, pulse, and oilseed crops:
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« Gridded observed snowfall images, seasonal totals, and data downloads in several formats can now be found on the National Snowfall Analysis page.

oecions: NEEPS://Www.nohrsc.noaa.gov/interactive/html/map.html

Select a physical element to view, select a date, select overlays, and click "Redraw Map.”

Clicking on the map while the Recenter button is selected (red) will recenter the map on that point.
Clicking on the Zoom Control slider will zoom into or out of the n
Clicking on the map and dragging with the button held down whige
Stations and regions can be queried using the Query button an

Vector GIS Datasets used by this page
Raster GIS Datasets used by this page



Previous CWCB SNODAS Projects

/
Colorado - 2017 SNOTEL and SNODAS Snow Water Equivalent (SWE) 4/1/2017

2008 pr’aject to develop
ArcGlIS tool, updated to
ArcGIS 10 1in 2014
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Previous CWCB Projects

* SNODAS:

o 2008-2009 - SNODAS map products for Rio
Grande Water Conservation District

o 2012-2013 - SNODAS map products for
Dolores Water Conservancy District

« Surface Water Supply Index (SWSI):

o 2015 - Open Water Foundation updated
Colorado Surface Water Supply Index (SWSI)
process used by CWCB and Division of
Water Resources (DWR).



Surface Water Supply Index (SWSI) in a

Highly Managed Basin

South Platte Basin SWSI History

Histarical period S5WS1 walues establish the SW'S1 distribution to lookup recent and current SWS1 values.
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in a Less-Managed Basin

Yampa-White Basin SWSI| History

Histarical pariod SWSl walues establish the SWSl distribution to lookup recent and curent SWSH walues,
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SWSI at Hydrologic Unit Code Scale

FT

HUC 11020002 {Upper Arkansas) Surface Water Supply

tonthly component volumes
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CDSS SNODAS Tools Approach

. Download daily SNODAS SWE grid (national)
. Clip to Colorado water supply basins

. Calculate statistics for basins

. Output to CSY, GeoJSON, Shapefile.

. Process CSV files into time series graph

products using TSTool software.
. Publish to the web (80 GB total for 2003-2017)

U AN WN =

o

Software:
* QGIS, PyQGIS, GDAL for spatial processing

» Leaflet for web mapping
« TSTool for time series products

water




Downloadable Data Files

About Analysis

The national SMODAS data are available from the
Snow Data Assimilation System (SNODAS). The
SNODAS data are processed into statistical data
products by the CDSS SNODAS Tools. The output
consists of comma-separated-value (CSV) files
ByDate (basin data for each day) and ByBasin
(histerical pericd for each basin). Data files can be
downloaded by accessing the following URL
resources. The zip file contains a shapefile with daily
statistics in the attribute table (attribute names have
been truncated to adhere to shapefile limit).

http:#fprojects. openwaterfoundation.arg/owf-proj-co-
cweb-2016-
snodas/prototypelSnowpackStatisticsByBasin/Snowpack

http:ifprojects.openwaterfoundation.arg/owf-praj-co-
cweb-2016-
snodas/prototype/SnowpackStatisticsByDate/Snowpacks

hitp:#fprojects.openwaterfoundation.arg/owf-proj-co-
cweb-2016-
snodas/prototypefSnowpackStatisticsByDate/Snowpacks

hitp:fprojects.openwaterfoundation.orglowf-proj-co-
cweb-2016-
snodas/prototypefSnowpackStatisticsByDate/Snowpacks

The following static resources are also available:

hitp:fprojects.openwaterfoundation.arg/owf-praj-co-
cweh-2016-

snodas/prototypeljson/CO _boundary.ageojson (State of
Colarado rectangular boundary)

json/SNODAS CO BasinBoundaries.geojson (basin
boundaries, same as daily boundaries)

StaticData/SMODAS CO BasinBoundaries.zip (input
basin boundary layer shapefile)

StaticDataiigtershaed Connectivite w32 xlex (inout basin

Comma-separated-value (CSV)
Shapefile
GeoJSON

Static data for basins




umentation

&« C' | ® software.openwaterfoundation.org/cdss-app-snodas-tools-doc-user/process/processing-steps/#1-download-snodas-data w ©

p

SNODAS Tools (User Manual)
Home
SNODAS Tools Data v
SNODAS Tools Process ~
Overview
Processing Steps
Additional Details
SNODAS Tools Products v

SNODAS Tools Process / Processing Steps Q Search

National SNODAS grids are downloaded to the SNODAS Tools computer for processing into
products that are relevant to Colorado.

Daily SNODAS data grids are national grids representing a variety of snowpack parameters. They
are developed by NOAA National Weather Service’s National Operational Hydrologic Remote
Sensing Center (NOHRSC) and hosted by the National Snow and Ice Data Center (NSIDC). NSIDC
stores the daily grids, dating back to September 30th, 2003, in a public FTP site that is updated
every day. Although, as mentioned before, the SNODAS products contain many grids of
snowpack parameters, the SNODAS Tools are designed to specifically calculate snowpack
statistics in regards to the Snow Water Equivalent (SWE) grid. Below is an image of a daily
SNODAS grid representing SWE values across the nation. The areas of higher SWE are
represented by blue while the areas with lower, or no SWE values, are represented by brown.




Enhanced Snowpack Products
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LRV @ SNODAS Date: 2018-02-26

Rock Springs

G U gy S SNODAS Animation
Daily SNODAS Snowpack Products 0“‘ (o002 4,
for Colorado Water Supply Basins = isatch-Cache - = 0.02-0.04 Starting Date: (earliest available date: 2003-09-30)
\ 4 2 0.04-02 MM-DI @

» +

wvetional Forest

Ashley Natio
Forest

This website provides access to a historical archive
of SNODAS data products for Colorado water supply
basins. Snow Data Assimilation System (SNODAS)
data from the National Operational Hydrologic
Remote Sensing Center (NOHRSC) are processed
daily to calculate Snow Water Equivalent (SWE) and
Snow Coverage statistics for water supply basins in
Colorado. Snow Water Equivalent is the estimate of

Ending Date: (latest available date: 2018-02-26)
MM-DD (2]

Increment (days): (Default is set to 1)

the depth of liquid water contained within the Submit

snowpack. Snow coverage is a percent of the basin -LaSal

land surface covered by snow (water bodies in the eocent

basin are ignored). The national SNODAS gridded

dataset has been processed to provide data > n v

products for Colorado. Mean SWE is displayed in the
map using a legend similar to the National Weather
Service. The SNODAS Tools website provides
access to an archive of daily products. (2]
The website is best viewed on a widescreen

display. If the layout does not clearly show a

left panel with tabs, a center panel with map,

and a right panel with date and basin

selectors, try maximizing to fill the display. Ctrl

and minus can be used to zoom out until the ot
layout shows all components. t
Hover over a basin to see the daily mean

SWE value and other daily statistics.

Use the Select Date button to display

historical data for a specified day. V

Enter animation start and end dates, press Farm ngton

Submit, and then press the play button to

view the animation of daily SWE data

Click on a basin in the map to select the basin

or use the Select Basin to select from the

basin list. Then click on buttons in the lower

right to display graphs. Los Alamos
Once a graph has been opened, click :

anywhere on the screen to close the graph Window Rock
view and return to the main screen.

Reposition the map by holding the mouse Daily
button down and dragging

Zoom in and out of the map using the control ¥

Carson National
orest

Cibola National
Forest

Albuquerque

http://projects.openwaterfoundation.org/owf-proj-co-cwcb-2016-snodas/prototype

Working to deploy to new State of CO server.




Enhanced Snowpack Products
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Colorado’s Decision Support Systems (CDSS) SNO
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m Data Documentation

Daily SNODAS Snowpack Products
for Colorado Water Supply Basins ~ isatch-Cache

rational Forest

it i SNODAS Animation

Starting Date: (earliest available date: 2003-09-30)
Y-MM-DD 2}
Ashley Natior@ll

This website provides access to a historical archive Farear

of SNODAS data products for Colorado water supply

Ending Date: (latest available date: 2018-02-26)
basins. Snow Data Assimilation System (SNODAS) YT P

data from the National Operational Hydrologic
Remote Sensing Center (NOHRSC) are processed
dally 1o calculate Snow Water Equivalent (SWE) and Inerement(days HDefaulte SRt
Snow Coverage statistics for water supply basins in : entand
Colorado. Snow Water Equivalent is the estimate of
the depth of liquid water contained within the Submit
snowpack. Snow coverage is a percent of the basin -LaSal
land surface covered by snow (water bodies in the jgerest
basin are ignored). The national SNODAS gridded
dataset has been processed to provide data > I )
products for Colorado. Mean SWE is displayed in the
map using a legend similar to the National Weather
Service. The SNODAS Tools website provides
access 1o an archive of daily products. Select Basin [2}
= The website is best viewed on a widescreen SECer e R EASEE 17
display. If the layout does not clearly show a el R ETE: EREE= R LD
left panel with tabs, a center panel with map.
and a right panel with date and basin SNODAS Snow Caver Graph
selectors, try maximizing to fill the display. Ctrl
and minus can be used to zoom out until the ol SNODAS SWE Graph
layout shows all components t
= Hover over a basin to see the daily mean — -
SWE value and other daily statistics SNODAS SWE Volume Graph
= Use the Select Date button to display
historical data for a specified day. SNODAS SWE Upstream Total Volume Graph
« Enter animation start and end dates, press ngton\L,J et e
Submit, and then press the play button to Forest SNODAS SWE 1 Week Ch Granh
view the animation of daily SWE data =LA SWE T Week Lhange rap
= Click on a basin in the map to select the basin
or use the Select Basin to select from the SNODAS SWE Volume Gain, Cumulative Graph
basin list. Then click on buttons in the lower
right to display graphs Los Alamos SNODAS 5 . T olume Gain
= Once a graph has been opened, click . H ¢ ey o n o
anywhere on the screen to close the graph Window Rock Santa Fe =
view and return to the main screen - -
= Reposition the map by holding the mouse Daily Basin Statistics Cibola National n
button down and dragging ’ Forest

Howver over a basin

Zoom in and out of the map using the control ¥ Albuguerque

WEF_GRR18_Report.pdf M| |ivestockWx_Resp...doc i clouds-it_s_gonna_...zip B cygwin-32.png ~ B git-bash-32.png ~ Show all X




Enhanced Snowpack Products

m Data Documentation

Daily SNODAS Snowpack Products
for Colorado Water Supply Basins
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wational Forest
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SNODAS Animation
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This website provides access to a historical archive Al et
of SNODAS data products for Colorado water supply Ending Date. (latest available date: 2018-02-28)
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dala from the National Operational Hydrelogic -
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products for Colorado. Mean SWE is displayed in the
map using a legend similar to the National Weather
Service. The SNODAS Tools website provides
access 1o an archive of daily products. 2]
= The website is best viewed on a widescreen
display. If the layout does not clearly show a
left panel with tabs, a center panel with map.
and a right panel with date and basin
selectors, try maximizing to fill the display. Gtrl
and minus can be used to zoom out until the ot
layout shows all components. t
= Hover over a basin to see the daily mean
SWE value and other daily statistics
« Use the Select Date button to display .
historical data for a specified day. e k\b\)
« Enter animation start and end dates, press armington S
Submit, and then press the play button to 9 ool
view the animation of daily SWE data.
« Click on a basin in the map to select the basin
or use the Select Basin to select from the
basin list. Then click on buttons in the lower
right to display graphs. Los Alamos
« Once a graph has been opened, click = |
anywhere on the screen to close the graph Window Rock Santa Fe

view and return to the main screen.
Reposition the map by holding the mouse
button down and dragging

Zoom in and out of the map using the control

.

-

Daily Basin Statist
Hover over a basin

Cibola National
Forest
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o

Atuuq;n(—"qm

WEF_GRR18_Report.pdf T LivestockWx_Resp...doc clouds-it_s_gonna_..zip B cygwin-32.png ~ B git-bash-32.png ~ Show all X




Start Online Demonstration

(@© viz.openwaterfoundation.org/co/owf-viz-co-snodas-gapminder/ @ v §

Gapminder Documentation Data Sources

SNODAS Data Feb-2018
SWE Cumulative(x), SWE Cumulative % of Mean(y), SWE Cumulative Upstream Total(size), Basin(color)
Basin
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Will be available on State of CO server soon.
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Enhanced Snowpack Products

& C | ® projects.openwaterfoundation.org CO-CWC das/p @ w ©

LRV @ SNODAS Date: 2018-02-26

Rock Springs

G U gy S SNODAS Animation
Daily SNODAS Snowpack Products 0“‘ (o002 4,
for Colorado Water Supply Basins = isatch-Cache - = 0.02-0.04 Starting Date: (earliest available date: 2003-09-30)
\ 4 2 0.04-02 MM-DI @

» +

wvetional Forest

Ashley Natio
Forest

This website provides access to a historical archive
of SNODAS data products for Colorado water supply
basins. Snow Data Assimilation System (SNODAS)
data from the National Operational Hydrologic
Remote Sensing Center (NOHRSC) are processed
daily to calculate Snow Water Equivalent (SWE) and
Snow Coverage statistics for water supply basins in
Colorado. Snow Water Equivalent is the estimate of

Ending Date: (latest available date: 2018-02-26)
MM-DD (2]

Increment (days): (Default is set to 1)

the depth of liquid water contained within the Submit

snowpack. Snow coverage is a percent of the basin -LaSal

land surface covered by snow (water bodies in the eocent

basin are ignored). The national SNODAS gridded

dataset has been processed to provide data > n v

products for Colorado. Mean SWE is displayed in the
map using a legend similar to the National Weather
Service. The SNODAS Tools website provides
access to an archive of daily products. (2]
The website is best viewed on a widescreen

display. If the layout does not clearly show a

left panel with tabs, a center panel with map,

and a right panel with date and basin

selectors, try maximizing to fill the display. Ctrl

and minus can be used to zoom out until the ot
layout shows all components. t
Hover over a basin to see the daily mean

SWE value and other daily statistics.

Use the Select Date button to display

historical data for a specified day. V

Enter animation start and end dates, press Farm ngton

Submit, and then press the play button to

view the animation of daily SWE data

Click on a basin in the map to select the basin

or use the Select Basin to select from the

basin list. Then click on buttons in the lower

right to display graphs. Los Alamos
Once a graph has been opened, click :

anywhere on the screen to close the graph Window Rock
view and return to the main screen.

Reposition the map by holding the mouse Daily
button down and dragging

Zoom in and out of the map using the control ¥

Carson National
orest

Cibola National
Forest

Albuquerque

http://projects.openwaterfoundation.org/owf-proj-co-cwcb-2016-snodas/prototype

Interactive map shows Colorado water supply basins.




Snow Cover (Percent)
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SNODAS Snow Water Equivalent
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SNODAS SWE Volume
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SNODAS Total Upstream SWE Volume

CONEJOS RIVER NEAR MOGOTE, CO. (MOGC2) Upstream Total SNODAS SWE Volume

(Each line cormesponds to a WMrater “rear starting Oct 1)

S000a0 —— SHODAS Wy 2004
—— SHODAS WY 2005
420000 SNODAS Wy 2006
SNODAS Wy 2007
450000 —— SHODAS WY 2008
—— SHODAS WY 2000
440000 SNODAS Wy 2010
SHODAS WY 2011
420000 SNODAS Wy 2012
SNODAS Wy 2013
£ 200000 —— SHODAS W 2014
T SNODAS Wy 2015
SNODAS WY 2016
go, 330000 —— SNODAS WY 2017
o S— m— WO AS WP 2018
£
3 240000
D .
= 220000 b
A
— |
LU 200000 1 ‘
g -
280000
w
e
- 260000
c
2 240000
[4]
= 220000
=3 |
IE' 200000 “‘n'h
e 180000 Mﬁ |".k xf \L o
2 e Volume for this
I
i 140000 ?
O 120000
o
W 100000
£0000
60000
40000
20000
| ] | ]

I:l'II:I 11 1 2 3 4 bl




SNODAS SWE Volume 1-Week Change

CONEJOS RIVER NEAR MOGOTE, CO. (MOGCZ2) SNODAS SWE Volume 1-Week Change
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SNODAS SWE Volume Gain, Cumulative

CONEJOS RIVER NEAR MOGOTE, CO. (MOGC2) SNODAS SWE Volume Gain, Cumulative
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SNODAS SWE Upstream Total Volume Gain, Cumulative

CONEJOS RIVER NEAR MOGOTE, CO. (MOGC2) Upstream Total SNODAS SWE Volume Gain, Cumulative
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Daily SWE Map Animation

LR 0E ) @ SNODAS Date: 2018-02-25 It iS pretty cool!

SNODAS Animation Can see storm events
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(© viz.openwaterfoundation.org/co/owf-viz-co

“Ga mmder

Gapminder Documentation
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End Online Demonstration

See http://viz.openwaterfoundation.org
Will be available on State of CO server soon.

water


http://viz.openwaterfoundation.org/

* |t seems to take longer for snow to “stick”

* Snow events are often followed by melt
periods - more of an issue at lower elevations

* Does snow that melts at higher elevations
cause the snowpack to “harden” into ice? -
could actually prolong runoff season

* Lots of variability - showpack as a storage
reservoir does not have carryover

* Need to understand water supply as a system



Challenges and Successes

Open source approach: software, data,
documentation

Processing a lot of data

Software works on Windows (desktop) and
Linux

Integrated spatial and temporal displays




Next Steps and Opportunities

* Finish moving system to State’s Google Cloud
Platform Server

* Training webinars

* Respond to feedback - Improve User
Experience (UX)

* Continue adding new tools to understand
snowpack for water resources planning

* Integrate SNODAS and SNOTEL data

* Need funding

See also: http://viz.openwaterfoundation.org


http://viz.openwaterfoundation.org/

New software - GeoProcessor

o “TSTool for spatial”

« Automate geospatial data processing

* QGIS and ArcGilS versions (QGIS is current
focus)

* Developed in Python




Share It

The content of this presentation is licensed under the
Creative Commons Attribution NonCommercial License:
http://creativecommons.org/licenses/by-nc/4.0

A

openwaterfoundation.org
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