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1. Overview of Planning Process 

a. Local stakeholder driven process to build drought resilience in the Upper Gallatin 
b. Coordination with 8 watersheds in the Upper Missouri basin using same planning framework 

i. National Drought Resilience Partnership chose this basin for a drought resilience 
planning pilot project 

ii. Study area has a long history of frequent drought conditions and is experiencing rapid 
population growth, demographic shifts, and changes in land and water use 

iii. Big Sky’s unique position of fragmented local management/authority, community profile 
of absentee homeowners, seasonal workforces, and economic dependence on 
tourism/recreation present opportunities to create vast collaborative partnerships to 
develop resilience against climate shifts and a growing community 

c. Montana Department of Natural Resources and Conservation (MTDRNC) providing tools to 
support local groups, build capacity, and implementing projects 

d. MT DNRC Drought Demonstration Partner’s Work Plan for Drought Resilience 
i. Upper Gallatin needs 

1. Develop drought management plan 
2. Develop drought forecasting/early warning system 
3. Increased precipitation/ soil moisture monitoring 
4. Assessment of drought impacts 
5. Identification of instream temperature and flow triggers 
6. Fire preparedness 

 
2. Gallatin River Task Force roles 

a. Organizational Overview 
i. Mission: To partner with our community to inspire stewardship of the Gallatin River 
ii. Program areas: water quality monitoring, conservation and restoration, and education 

and outreach 
iii. Since 2011, the Task Force has cost-shared Americorps members of Big Sky 

Watershed Corps to help build capacity in reaching our mission in all program areas 
b. 2016 & 2017 Big Sky Watershed Corps member: Upper Gallatin Drought Coordinator 

i. Attends local and regional drought planning workshops 
ii. Conducted community education and outreach to engage local participants in drought 

planning process 
iii. Recruited 33 voluntary participants from the local watershed community to voluntarily 

join Upper Gallatin Drought/Water Supply Focus Group 
iv. Facilitates public discussions on drought and water supply topics, and provides 

monitoring data and research from various local, regional, state, international drought 
management plans/ resources/studies 

v. Developing an Upper Gallatin Drought Management Plan that reflects needs and 
experiences of Focus Group/local community to inform mitigation and response 
strategies that yield resilience to future drought conditions 
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c. Upper Gallatin Drought/Water Supply Focus Group 
i. Members represent: Big Sky residents, local businesses, developers, public & private 

land managers, public & private water managers, property managers, realtors, 
nonprofits, conservation groups, and state & regional agencies 

ii. Purpose of Focus Group is to guide drought planning process by sharing experiences of 
drought history & impacts, identifying vulnerabilities, and developing mitigation & 
response strategies to improve resilience 

  
3. Information Gathering 

a. Community perceptions of drought identify important impacts and vulnerabilities from drought 
i. Sources: Water Conservation Awareness Survey (120 responses), Drought Awareness 

Survey (50 responses), Focus Group, miscellaneous conversations at outreach events 
ii. “Drought can impact not only obvious recreational opportunities such as fishing, rafting, 

and golf, but also less obvious ones such as mountain biking, hiking, and horseback 
riding. It can be a huge impact on overall forest health and I’m very concerned.” 
(Anonymous community member) 

iii. “I am concerned the area will not be prepared, especially if we have unusually long 
drought periods.” (Anonymous community member) 

iv. Buildout concerns and capacity for our sewer systems to process more demand and 
water uses 

v. 69.5% Respondents either concerned or very concerned about the amount of available 
water for public supplies in the next 10 years 

vi. 77.1% Respondents either concerned or very concerned about the amount of available 
water for public supplies during drought years 

vii. Some community members were unaware of our region’s drought history, did not know 
that we are prone to regional frequent and prolonged droughts 

viii. Preliminary vulnerability information indicates outdoor recreation based businesses are 
sensitive to drought in Big Sky (Figure 1) 

 
Figure 1 Pie chart depicting 2017 Drought Awareness Survey response discern areas of 
vulnerability already present in Big Sky. Survey was distributed spring 2017, generating 
55 responses from local community members.  
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b. Drought History and Impact Assessment 
c. Upper Missouri basin and Southwestern Montana have a long history of frequent,  

prolonged, and severe droughts shown by data of past centuries (Figure 2 & 3) 

 
Figure 2: Palmer Drought Severity Index (PDSI) for Climate Divisin 2 (Southwestern Montana) depicting 
periods of above (green) and below (yellow) average conditions of dryness. PDSI is a common drought 
assessment tool to measure dryness based on precipitation and temperature. Since Big Sky was 
established in the 1970s, the period of focus for Focus Group members to assess drought impacts in our 
area are from 1970s-present.  
NOOA National Centers for Environmental Information, Climate at a Glance: U.S. Time Series, published 
February 2018, retrieved February 16, 2018 from www.ncdc.nooa.gov/cag/ 
 

 
Figure 3 Historical and reconstructed snow water equivalent (SWE) from tree ring data for the Upper 
Missouri Basin. SWE is a common snowpack measurement, it assess the amount of water contained in 
the snow. Red lines, depict periods of time that are below average snowpack, blue lines are above. This 
graph shows decadal periods of dryness have been persistent throughout the Upper Missouri Basin for 
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centuries. The long section of red during the 1930s-40s corresponds to the Dust Bowl. More recently, the 
late 90s to early 2010s also had a similar period of dryness in severity and duration. 
Pederson, G.T., Gray, S.T., Woodhouse, C.A., Betancourt, J.L., Fagre, D.B., Littell, J.S., Watson, E., Luckman, 
B.H., and Graumlich, L.J., 2011, The Unusual Nature of Recent Snowpack Declines in the North American 
Cordillera: Science, v. 333, no. 6040, p. 332–335. 
 
 

 
Figure 4: Palmer Drought Severity Index (PDSI) for the United States from 1895-1995.  PDSI is a 
common index used for drought applications, it is a measurement of dryness based on precipiation and 
temperatuve. Intuitively, this map depicts the dryer climate regimes of the western part of the country 
contrasted to the east. The significance of this map is that Southwestern MT has been in severe or 
extreme drought conditions 15-19.9% of the time since 1985, only Southwestern WY and South Central 
CO are more susceptible to these drought in the US.   

 
i. Since the 70s, Palmer Drought Severity Index graphs using Montana County Drought 

Status Maps showed year long or multi year severe or extreme droughts each decade, 
most exacerbated from the late 80s-early 90s, early 2000s, and mid 2010s for Gallatin 
and Madison counties 

ii. Data from US Drought Impact Reporter for Gallatin and Madison counties lists 92 
drought impacts recorded from 2000-2017, highest sectors impacted include: agriculture, 
fish & wildlife, relief, response & restrictions, and water supply & quality 

iii. Respondents to Drought Awareness survey equally concerned that drought may affect 
business, homes, and recreational opportunities 

iv. Focus Group members listed wildfires, evacuations for livestock and residents, fishing 
bans/restrictions, and highway turnout restrictions as most common impacts wildfires 
caused by drought in the 90s and 2000s 

v. Spotlight: Flash Drought and Wildfires of 2017 
1. Flash Droughts are different from other droughts that usually develop over a 

slower period of time; their onset is rapid and intense (Oktin line 228) 
2. While droughts and wildfire are a common hazard in MT in summer where 

precipitation rates are lowest and temperatures are higher, this past summer 
season’s hazards were exacerbated by flash droughts that developed over an 8-
week period causing wildfires to burn over 1 million acres and $400 million from 
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federal and state resources allocated for fire control, crop damage, property 
damage, and public health concerns for air quality and safety were high. By 
August, National Drought Mitigation Center reported 65% of MT was in severe or 
extreme drought conditions.  

3. Though Big Sky was sheltered from most extreme conditions, what happened in 
the eastern and north west corners of the state could spread to more areas in the 
future.  
 

 
Figure 4: Map generated from National Drought Mitigation Center illustrating rapid and 
intense development of flash drought over 8 weeks in summer 2017. By July, northeast 
Montana was in a category 4 drought severity. 
Oktin, J., M. Svoboda, E. Hunt, T. Ford, M. Anderson, C. Hain, J. Basara, 2017: 
Flash droughts: A review and assessment of the challenges imposed by rapid 
onset droughts in the United States. Bull. Amer. Meteor. Soc. 
Doi:10.1174/BAMS-D17-0149.1, in press. Pg 24. 

 
d. Vulnerability Assessment 

i. Climate Change Projections and Drought 
1. Water Trends 1950s-2015: snowpack has declined, especially since 1980s, 

earlier spring runoff off, streamflow annual variability (warming and climate 
influences) (Bauer) 

2. Future Water Trends: declined snowpack with earlier runoff, increased variability 
in streamflows, decreased late summer streamflows, exacerbated drought 
conditions (intensity, duration, area affected), increased water demands (Bauer, 
MT Climate Assessment) 

3. Temperatures predicted to rise 4.5-6 degrees F in Southwestern Montana by 
2050 (Bauer, MT Climate Assessment) 

4. United States Geological Survey graphics, maps, histograms produced from 
National Climate Change Data Viewer, access folder in dropbox 

a. Temperature, snowpack, runoff, evaporative deficit 
b. Climate change summary for Montana, Gallatin and Madison counties 

ii. Vulnerability of drought to ski resorts: examples cases 
1. Lack of snow, warm temperatures, and unfavorable temperatures for 

snowmaking persist in CA, NW, OR, WA ski areas, especially over the last 5-10 
years 

2. High elevation mountain resort early closures, reduced visitation, reduced 
workforce 
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a. 2015: 8 out of 28 ski areas in CA remain open in first week of April 
(Bryne) 

b. 2018: Visits to China Peak in CA down to 600 from 4500, 300 employees 
but only 12 called in to work (Warszawkski) 

c. 2018: Parajito Mountain Ski Area employees cut in half, from 130 to 65 
(Miller) 

i. Owner “There is a scenario- maybe it’s not this year-but there is a 
scenario that says the ski area no longer exists because of these 
droughts.” (Warszawksi) 

3. Reinventing resorts: from winter destination to mountain destinations 
a. $300 million invested in Tahoe area (Miller) 
b. “Mountain biking becoming the sport of choice until the snow returns” in 

Sierra Nevadas (St. John)  
 

iii. Summary of Big Sky area drought concerns: Droughts, which are common for our area, 
may be exacerbated by climate change and impacts may penetrate 
social/environmental/economic sectors 

iv. Summary of water supply concerns: Constrained supplies (closed basin for new water 
rights appropriations, snowpack-driven supplies) may become more limited while 
demand may increase (population growth) 

v. Gallatin County Emergency Management Plan lists drought as overall moderate risk, 
Madison Plan lists as overall moderate-high risk 

vi. Vulnerability assessment developed from using Science for Nature and People 
Partnership’s ECO Drought Framework 

vii. Upper Gallatin drought risks identified by Focus Group 
1. Climate change and rapid growth impacts (fall into many categories) 
2. Invasive species spread 
3. Domestic and municipal water supplies’ capacity to meet increasing demands 
4. Private well supplies’ capacity to meet domestic demands 
5. Wildfire hazards 
6. Low stream flows 
7. Land use practices (ex. Rapid development) 
8. Trout  
9. Recreational opportunities in winter/summer 
10. UG water supply within context of Upper Missouri basin 

viii. Sectors most vulnerable identified by Focus Group 
1. Local economy’s dependence on natural water supplies to drive winter/summer 

tourism/recreation, provide jobs, keep businesses open 
a. Entire economic standing in some way connected to water 

2. Surface water supplies including snowpack and streamflows 
a. High economic, environmental, and social risk 

3. Groundwater storage including connectivity with surface flows and capacity to 
service public water system users 

a. High environmental and social risk, low-medium economic risk 
4. Wildfires increasing in duration, frequency, area burned 

a. High environmental and social risk, medium economic risk 
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e. Mitigation and Response Strategies 
i. Strategies already in place 

1. Drought early warning/monitoring systems 
a. Task Force watershed monitoring program  

i. 16 sites spanding mainstem Gallatin and West Fork Watershed 
monitored for water chemistry, nitrates, e.coli since 2000 

ii. 4 continuous monitoring stations in West Fork Watershed since 
2012 measuring water level, conductivity, and water temperature 

iii. Macroinvertebrate and sediment composition sampling in the 
summer growing season 

iv. Streamflow measurement before, during, and after runoff with a 
goal of six measurements at diverse streamflow levels 

b. Montana Bureau of Mines and Geology (MBMG)  
i. Long term groundwater monitoring sites in the Big Sky area, data 

available via Groundwater Information Center (GWIC) website 
ii. Groundwater Investigation Program (GWIP) model development 

using wells to assess aquifer storage levels and responses to 
climatic and pumping events in progress 

c. Natural Resources and Conservation Service (NRCS) Snotel Site at Lone 
Mountain 

d. US Geological Survey (USGS) streamflow site at Gallatin Gateway 
2. Mitigation strategies 

a. Big Sky Water and Sewer District (BSWSD) summer irrigation restrictions 
b. BSWSD tiered rate structures 
c. Custer Gallatin Forest Service fire danger sign 
d. Task Force & Partners restoration projects in West Fork and Canyon 
e. Technical/Educational Campaigns 

i. Big Sky Water Conservation (Task Force, BSWSD, Resort Tax) 
1. Voluntary residential program to incentivize water 

conservation 
a. Rebates available for the following upgrades: 

toilets, shower heads, clothes washers, sprinkler 
system check up, installation of weather-based 
smart controllers, rain sensors, rotor heads, check 
valves 

2. Education and outreach in schools and community events 
3. Marketing campaign including mailed rack cards, 

promotional video, website 
f. Task Force stormwater garden at Ophir 
g. Big Sky Weeds: invasive weeds, aquatic invasive species education 

campaign with Task Force 
 

ii. Strategies recommended by Upper Gallatin Drought/ Water Supply Focus Group 
1. Expand education and outreach on water resources, climate change projections 

& potential impacts, awareness of drought and water conservation 
a. Develop drought forecasting system 

i. Snowpack, streamflows, fire data, groundwater 
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ii. Other state/national drought monitoring resources: US Drought 
Impact Reporter, US Seasonal Drought Outlook, MT Drought 
Monitor, Palmer Drought Severity Index 

iii. Release of seasonal, monthly drought forecasts 
2. Expand Big Sky Water Conservation 

a. Commercial programs 
b. New development programs 
c. Certification to recognize businesses/developments that they have 

prioritized water conservation through various measures 
d. Expand outdoor program: turf removal, xeriscaping projects, mulch 

usage, drought tolerant landscaping 
e. Working with Homeowner associations to encourage wise uses of water 

indoors and outdoors 
f. Creating a Landscape Water Efficiency Ordinance in partnership with 

BSWSD with a goal of avoiding wasteful uses of water, and developing 
specifications of water efficiency that can be applied to new and existing 
community landscapes 

g. Demonstration garden in new Meadow Village 
3. Expand watershed monitoring 

a. Additional weather station at lower elevation 
b. Develop instream temperature and flow triggers 
c. Utilize MBMG GWIP Big Sky Report and Model to better understand 

groundwater recharge, storage, critical levels, and relationship to surface 
water 

4. Reusing water for varied applications that maximize water supply and 
streamflows 

5. Restoration and conservation projects 
a. Wetlands 
b. Riparian buffer enhancement and protection 
c. Low impact restoration 
 

iii. Additional Strategies recommended by Big Sky Sustainable Solutions Forum (BSSWSF) 
Water Supply group 

 Information on Big Sky Sustainable Solutions Forum  
1. Graywater systems for re use in homes and businesses- current (2018) state 

restricts to irrigation (MT DEQ) 
2. Developing more green infrastructure 

a. Water demand offsets, off-site mitigation 
3. Expand water metering: residential, commercial, private 
4. Instream flow mitigation credits 
5. Strengthen stormwater requirements 
6. Restructure tiered water pricing 
7. Stormwater capture and reuse 
8. Expand wastewater use for irrigation 
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iv. Needs moving forward for strategy implementation 
1. Prioritizing projects based on available funding, capacity, accountability, and 

overall benefit these projects will serve to provide resilience in our community 
and watershed to better handle droughts 

2. Assessing information gaps to expand watershed monitoring 
a. Instream temperature and flow triggers 

3. Developing implementation timeline goals 
4. Getting feedback from different audiences outside of Focus Group and BSSWSF, 

holding additional public meetings and seeking expert advice 
 

4. Plan Implementation & Update Process 
i. Timeline for review/update, reporting on project progress, accountability measures 

1. Focus Group has not yet had meeting about this, will additionally seek review 
through public, other stakeholders and watershed planners 

a. Planning for winter 2017-18 to hold meeting and starting to circulate plan 
5. Resources on Upper Gallatin Drought Planning effort 

a. gallatinrivertaskforce.org/projects/droughtplanning/ 
Find Focus Group meeting notes and presentations here (Information Gathering, Vulnerability 
Assessment, and Mitigation and Response Strategies 

b. Bigskywaterconservation.com 
Find information about Big Sky Water Conservation, MT’s second voluntary incentive program 
of its kind that also doubles as a long term mitigation strategy to build resilience 

c. Google Drive 
Montana Bureau of Mines and Geology: Big Sky groundwater monitoring sites, records 
United States Geological Survey: National Climate Change Data Viewer maps, graphs, 
histograms 
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