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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 and software tools should also be 
public.

openwaterfoundation.org
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Snow and Ice

Snow and ice behave 

differently under 

different conditions
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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
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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
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Context – Climate Change



7open water

Context – Dust on Snow

Dust on Snow Controls 

Springtime River Rise in West

“The researchers found that 

the effects of dust 

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.” 

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
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Context – World Risks

“Climate and tech pose the biggest risks to our world in 2018”

World Economic Forum:
https://www.weforum.org/agenda/2018/01/the-biggest-risks-in-2018-will-be-environmental-and-technological
Photo by Ross Stone on Unsplash

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
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Context - Natural Disasters

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

https://en.wikipedia.org/wiki/List_of_U.S._states_and_territories_by_GDP

2016 State GDP

CO 2017 budget: $26.8 B

CO Water Plan Needs:  $40B ?

Amazon HQ2 = $5B construction
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Context - Agriculture

How will changes in 

climate, hydrology, and 

agriculture interact?

https://landinstitute.org/our-work/perennial-crops/
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What is SNODAS?

https://www.nohrsc.noaa.gov/interactive/html/map.html

Snow Data Assimilation System
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Previous CWCB SNODAS Projects

2008 project to develop 

ArcGIS tool, updated to 

ArcGIS 10.1 in 2014 

http://cwcb.state.co.us/water-management/flood/pages/snodassnowpackmaps.aspx
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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).
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Surface Water Supply Index (SWSI) in a 

Highly Managed Basin
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SWSI in a Less-Managed Basin



16open water

SWSI at Hydrologic Unit Code Scale
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CDSS SNODAS Tools Approach

1. Download daily SNODAS SWE grid (national)

2. Clip to Colorado water supply basins

3. Calculate statistics for basins

4. Output to CSV, GeoJSON, Shapefile.

5. Process CSV files into time series graph 

products using TSTool software.

6. Publish to the web (80 GB total for 2003-2017)

Software:

• QGIS, PyQGIS, GDAL for spatial processing

• Leaflet for web mapping

• TSTool for time series products
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Downloadable Data Files

• Comma-separated-value (CSV)

• Shapefile

• GeoJSON

• Static data for basins
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Developer and User Documentation
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Enhanced Snowpack Products

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

Working to deploy to new State of CO server.

2018-02-26
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Enhanced Snowpack Products

2017-02-26
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Enhanced Snowpack Products

2016-02-26
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Start Online Demonstration

See http://viz.openwaterfoundation.org

Will be available on State of CO server soon. 

http://viz.openwaterfoundation.org/
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Enhanced Snowpack Products

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

Interactive map shows Colorado water supply basins.
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Snow Cover (Percent)

Useful for understanding 

late-season snowpack 

conditions
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SNODAS Snow Water Equivalent

SNODAS process 

has changed over 

time so showing % 

of mean is not 

totally accurate

Note late 

November date for 

snow to “stick”
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SNODAS SWE Volume

Volume = SWE (in) 

over effective area

“Melt-out” line.
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SNODAS Total Upstream SWE Volume

Volume for this 

basin and 

upstream basins.
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SNODAS SWE Volume 1-Week Change

Indication of 

whether 

accumulating or 

melting
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SNODAS SWE Volume Gain, Cumulative

Indicator of total 

season precipitation 

on basin
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SNODAS SWE Upstream Total Volume Gain, Cumulative

Volume for this 

basin and 

upstream basins.
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Daily SWE Map Animation

• It is pretty cool!

• Can see storm events

• Can see when snow  

started to accumulate 

and melt out
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“Gapminder”
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End Online Demonstration

See http://viz.openwaterfoundation.org

Will be available on State of CO server soon. 

http://viz.openwaterfoundation.org/
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Observations

• It 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 – snowpack as a storage 

reservoir does not have carryover

• Need to understand water supply as a system
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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
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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/
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New software - GeoProcessor

• “TSTool for spatial”

• Automate geospatial data processing

• QGIS and ArcGIS versions (QGIS is current 

focus)

• Developed in Python
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Share It
The content of this presentation is licensed under the 
Creative Commons Attribution NonCommercial License:

http://creativecommons.org/licenses/by-nc/4.0

openwaterfoundation.org
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