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Montana Drought Management Plan 
(MDMP) Update 

• Timeline 
• Working Group 
• Defining Drought 
• Response Strategy 
• Long-term Mitigation Strategies 

 



Timeline 

Year 1 

• State-wide Vulnerability Assessment 
• Define Drought 
• Develop Emergency Response Framework 
• Report to Working Group 

Year 2 

• Mitigation Strategy Case Studies 
• Continue Reporting to Working Group 
• Draft Final Plan 
• Public Comment Period 



Working Group 
• Trout Unlimited 
• Department of Livestock, Director 
• City of Bozeman, Water Conservation 

Specialist 
• Watershed Restoration Council 
• Indian Nations Conservation Alliance, 

Director 
• Montana Fish Wildlife and Parks (FWP) 
• Stockgrowers Association 
• Institute for Tourism and Recreation 
• Farm Bureau Federation 

• Ecolab 
• Montana Rural Water Systems 
• Bureau of Reclamation 
• Northwestern Energy 
• Fishing and Outfitting Association of 

Montana (FOAM) 
• Montana Water Resources Association 

(MWRA) 
• Department of Agriculture 
• Department of Environmental Quality 

(DEQ) 



Defining Drought 
n. a prolonged period of abnormally low rainfall; a shortage of 
water resulting from this. 
Precipitation products - Point – NOAA NWS, NRCS SNOTEL, RAWS 

- Gridded- NOAA, HPRC/WRC, Gridded (PRISM 
and Daymet) 

- Snowpack – Snowcourse, SNOTEL 
Temperature Products - Point – NOAA NWS, NRCS, RAWS 

- Gridded – NOAA, HPRC/WRC, Gridded (Prism 
and TopoWx) 

Water Supply - USGS 
- SWAMP 
- Reservoirs 

Derived Drought Products - PDSI 
- SPI 
- SPEI 
- EDDI 
- VegDRI 
- DSI 
- Aridity Index (good proxy for soil moisture) 

 



Response Strategy 

• White = Mitigate 
• Yellow = Communicate 
• Orange = Collect Impact 

Reports 
• Red = Find Money 
• Blue = Flood Concern 



Long-Term Mitigation 
• Increase Natural Storage Potential 
• Capture and retain water in the 

headwaters 
• Manage uplands (Forests and 

Rangelands)to consider  water yield 
• Improve Soil Health & Water holding 

capacity 
• Improve Floodplain management, 

connectivity & riparian health 
 
 
 
 



Track Our Progress 
www.drought.mt.gov 

 
Ada Montague 

amontague@mt.gov 
(406) 444-6628 

http://www.drought.mt.gov/
mailto:amontague@mt.gov


Ongoing Activities 

• Monthly Assessment 
• Monthly Report 



Week None D0 D1 D2 D3 D4 

2017-03-14 86.71 13.29 1.11 0.00 0.00 0.00 

2016-03-22 44.46 55.54 12.90 3.56 0.00 0.00 

12-Month Change 
Mar 22, 2016 March 14, 2017 



Week None D0 D1 D2 D3 D4 

2017-03-14 86.71 13.29 1.11 0.00 0.00 0.00 

2016-09-27 55.14 44.86 25.49 5.86 0.33 0.00 

5-Month Change 
Sep 27, 2016 March 14, 2017 



February 2016 February 2017 

12-Month Change 



February 2017 
5-Month Change 

September 2016 
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National Oceanic and Atmospheric Administration 
Weather-Ready Nation 



October 2016 Precip vs Anomaly 



November 2016 Precip vs Anomaly 



December 2016 Precip vs Anomaly 



January 2017 Precip vs Anomaly 



February 2017 Precip vs Anomaly 



 Mar 16 – Feb 17 Precip Anomaly  



 Water Year 2017 Precip Anomaly  



Montana: Mar 2016 – Feb 2017 

Avg Temp 20th Century Average Departure 

43.3°F 41.2°F 2.1°F 

7th Warmest on Record 

Precip 20th Century Average Departure 

22.08” 18.67” 3.41” 

Precipitation Above Normal (19th Wettest) 

19th Warmest on Record 

11th Wettest on Record 



Mean Temperature 
Water Year 2017 



Reservoirs & Lakes 
• West of the Divide: nearly all above normal 

 
• East of the Divide: nearly all above normal 

(exceptions: Pishkun and Nelson) 



Stream Gauges 
March 21, 2017 



ENSO 
Chance of El Nino Return this Summer 



April – June Outlook 
Created March 16 

Temperature Precipitation 

Equal chances for above normal or below 
temperatures over Montana 

> 40% chance of above normal precipitation 
over most of Montana, but 33% chance of 
above precipitation extreme over western 
Montana 

 



July – September Outlook 
Created March 16 

Temperature Precipitation 

Equal chances for above normal or below 
temperatures over Montana 

> 40% chance of above normal precipitation 
over most of Montana, but 33% chance of 
above precipitation extreme over western 
Montana 

 



October – December Outlook 
Created March 16 

Temperature Precipitation 

>40% chance of above normal 
temperatures across the state. 

Equal chances for above or below normal 
precipitation across the state. 

 



National Weather Service Great Falls 
National Oceanic and Atmospheric Administration 
Weather-Ready Nation 

weather.gov 
weather.gov/billings 

weather.gov/glasgow 
weather.gov/missoula 
weather.gov/greatfalls 



Lucas Zukiewicz 
Water Supply Specialist (Snow Hydrologist) 
USDA-NRCS 
Montana Snow Surveys  
Lucas.Zukiewicz@mt.usda.gov  
406-587-6843 
 
http://www.nrcs.usda.gov/wps/portal/nrcs/main/  
mt/snow/ 
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Mountain Precipitation 



Water Year-to-Date Mountain Precipitation  
March 22nd, 2017 



Month-to-Date Mountain Precipitation  
March 22nd, 2017 



Snowpack 



Snowpack Percentages March 22nd, 2017 



Flathead River Basin Snowpack with Non-ExceedenceProjections 
Based on provisional SNOTELdaily data as of 3/2212017 
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Upp e          r Clark Fork River Basin Snowpack with Non-Exceedence Projections 
Based on provisional SNOTELdaify data as of 3/2212017 
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Jefferson River Basin Sno wpa ck w ith Non -Exceedence Projections 
Based on provisional SNOTELdaily data as of 3/2212017 
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Gallatin River Basin Snowpack with Non-Exceedence Projection s 
Based on provisional SNOTELdaily data as of 3/2212017 

USDA 

cii"25 - -  -  -  -+-- - -  -+-- - -  -+-- - -  -!-- - 
a) • u 
C - - C 

.!! 20 -  -    -    -    -+- - -    -    -+- - -    -    -+- -   - 

.:"::' 
:::, 
Cl" w .. 
.c2 15 
3":' 
0 
C 

tn 10 --+ -+-- 

0 
u > >, C ::::, 

0 
(.J  
Q) Q) ro Cl! ::::, 

0) 
::::, 

a. 
Q) 

0 2 
a. 

<{ """') z 0 2 """') <{ (f) 
I 

.D 

u.. 
I I I ...'.. ..- ..- ...'.. ...'.. 

C 
l'O  

"""') 

..-' ..-I ...'.. ...'.. ...'.. 



Upp                                                                                                                                                                                                                                                                                 er Yellowstone River Basin Snowpack with Non-ExceedenceProjections 
Based on provisional SNOTELdaily data as of 3/2212017 
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Sun-Teton-Marias River Basin Sno wpackwith Non-Exceedence Projections 
Based on provisional SNOTELdaify data as of 3/2212017 
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Smith-Judith-Musselshell River Basin Snowpack with Non-ExceedenceProjections 
Based on provisional SNOTELdaily data as of 3/2212017 
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U n ite d St a te s D e p a r t m e n t  o f  Agr ic u  lt ure 0 N RCSNatural 
Resources 
Con ervation  
Servece 

Flathead in Montana 
Percent Remaining Snowpack 

3/21/2017 
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• Peak SWE 15.7 14.7 0 17.8 9.7 11 0 40.4 37.4 18.8 46.8 35.8 35.7 35.6 

• Current SWE 15 13 .7 0 16.2 8.3 9.6 0 39.1 36.4 17.9 46.5 35.5 35 34.8 

& Normal Peak 14.6 13.7 0.0 12.6 10.0 11.1 0.0 36.7 44.0 14.2 43.4 42.5 39.1 31.3 
Percent Remaining 96% 93% 91% 86% 87% 97% 97% 95% 99% 99% 98% 98% 
PP.rr.P.nt of  N  orm;:il 106% 102% 131% 87% 98% 125% 102% 131% 119% 94% 109% 126% 



U nit  ed St a te s D e p a r t m e n t  o f  Ag r ic u l t u r e  0 N RCSNatural 
Resources 

\. ,J Con ervation  
Service 

Gallatin River Basin 
Percent Remaining Snowpack 

3/21/2017 
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• Peak SWE 17 .6 16.6  0 0 0 D 0 0 D 
• Curr ent SWE 10.3  5.4 17.G 1G.G 14.5 15.2 27.3 0 0 0 0 0 0 0 

• Norm;:il Pe;:ik 15.0 11.5 20.8 18 .3  25.7 18.9 28.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Percent Remaining 90% 84% 100% 100% 99% 100% 100% 

Percentof Normal 75% 57% 105% 105% 80% 99% 114% 



Un it e d s t a t e s  De p a r t me nt  o f  Agriculture  0 N RCSNatural 
Resources 

\ ' - . . II  Con ervation  
Service 

Smith-Judith-Musselshell 
Percent Remaining Snowpack 

3/21/2017 
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• 1-'e ak SWI:. 7 6.7 8.4 6.9 1  5 .6 16.7 0 0 0 0 0 

• Current SWE 5.9 6 7.9 6.8 15.5 16.6 0 0 0 0 0 
& Normal Peak 13 .2 9.7 G.O 10.5 9.7 13.7 11.1 21.1 22.7 0.0 0.0 0.0 0.0 0.0 

Percent Re m ain in g 89% 84% 73% 90% 91% 94% 99% 99% 99% 
Percent of Normal 62% 65% 60% 65% 110% 68% 76% 86% 90% 



Water Supply 



APR-JUL  50 % Exceedance Forecasts 

River Basin 
Highest Point 

Forecast* 
Lowest Point 
Forecast** 

Basin Avg 
Forecast*** 

Columbia River Basin 143% 93% 104% 
Kootenai River Basin 107% 100% 105% 
Flathead River Basin 143% 93% 110% 
Upper Clark Fork 115% 100% 105% 
Bitterroot River Basin 102% 94% 99% 
Lower Clark Fork 108% 98% 103% 

Missouri River Basin 129% 58% 102% 
Jefferson 129% 82% 106% 
Madison 122% 108% 115% 
Gallatin 101% 91% 96% 
Headwaters Mainstem 106% 100% 104% 
Smith Judith Musselshell 89% 58% 74% 
Sun Teton Marias 119% 85% 106% 
St Mary 113% 110% 111% 

Yellowstone River Basin 199% 83% 118% 
Upper Yellowstone 148% 83% 119% 
Lower Yellowstone 199% 90% 118% 

NOTE:   Streamflow forecasts are issued for multiple points on rivers and streams within a major 
river basin and are given as a range of exceedance probabilities. Consult the individual river basin  
of interest to see the range of values for streams of interest. 

*Highest point forecast is the highest 50% forecast of all forecast points within the basin 
**Lowest point forecast is the lowest 50% forecast of all forecast points within the basin 
***Basin Average Forecast is an average of all 50% forecasts within the basin 



Montana Data Collection Office  
Streamflow Forecast 

Percentage of Normal - March 1, 2017 
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Montana Data Collection Office  
Surface Water Supply Index (SWSI)  

March 1, 2017 

I 
I 

,,i.iili  t; n l 

SWSI Values 

11111E  treme y Dr/   4.C to  3.C 11111vi  nn   r 'l tP. ' 11ry  -:-'     to  -'/  n 

11111S   g t !I yo,   y ·1.9  tu  ·t.,J 

' Jr::i r A•,r.rn,J"  -n,       t:1 o J 

s   ghl y w  1·1.o  tu ·1.0 11111VIMr:  r:itr. 1y ' /1i, r-f ;)  II tn;.... 

11111E.<ll tellU:t '/ W   l 3.0  l,o  1.0 

L_J sws1 ' Jot ,pp11:, ooic 

( 
RIVER INDEX & SWSI VALUES 
1 M= .ri cis a:,,;;v t::- i tJ 1 Rtts 1::t1v,;; r 0.4  
2 Tob.:tc,:;..: 0. 9 

!,  r  sher O 
Ll Yaak O.!J 
i  Mo   rth 1-k. 1-1,.th ead  • 
u M ddle- I <. I lath e-ad .'J.t. 
Y Sou:, I <. I lathe-ad J.1 
10 r  ?Jth ?Jc1 ll-  Go l.1T1:;  ;:, r ;::111         1  o 
1 ;;· :,   ·;:,n -0 4 

,1 ; F nthr:nc1;i· Pol!=on O 9  
14 Mi    nn Vnll r-y 
15 Ll tlc Bi: tc rroot 

16 Cla1k Fu1k abuw Plillluw11 0 . 7 
17   B  lac  <fuul 0 

3   Koo:er  a i R. Stee le tJ Libby Dam 0.3  18 Clark Folk abo'le P/issou la 0 
L  Koo:er  a i bel: w Lio:>1' Darr 1.8 19 Bit erroo: 0.4 

20  lark    01< r(1v er t,elow 81tt err,: : t 0 .1 
2· lark 01< h!1v er t,elow r athead o.r;  22 
8eaverneee 0.2 
23 l{ ubv -0.i 
24 u,g i101e  0 . 2 
?fi  n ou l t n    (..P.ff P.r    on) -0 
?fi .!F-ff P.r on O fi  
'?7 M::<;  on    1 
')8   t n lln ti r  . ;) 7 
20 M S30UJi c.bOVC Canyon  Fcn y 0 

30Pli   tw u,i :reluvv C i.i11 •;;1 F , 1 • 0 
3· S111il 11    0 
3    2         Sun               O. 
33-        etcn 1 
34 8 1rch /Uupu ve r :-_reeks -1. 
3!.I r/ a n as 1./ 
3ti r/ ussels.rell -· .rJ 
3 /  r/ 1ssoun  abc•1e I ort  Peck  tl.4 
30 r/ 1ssoun :ie lovv I c -: 11ec   -<  0      .  9 
40              n              ;:,rhorn   ne;:,r C? 1ig 
4· v P.ll ow     on P. ;:,t);1vF I iv ng:c:.1on :1 1 
4? Shic c, .on 
4   R ould  r ( v     ow  ton  ) O 4 
44 Stil water OJ 

45 Roc.:<(/ Rt!ll         L    ,;;t: y1:: C       1    <.s   - 0.4 
4d Cli.i1k;  Furk. vt! I ;; ws.;;r t! 3.3 
47 Ye lo•.••slone aocve 8 i17,1hom R i v e r 2.4  4 3 
Biqrorr be low B horn Lake 2..8  4:1 Lt 
tle 8 1!=jh 1) 111                                                                                                             - 1 
!,  :J     Ye         I O\li stone   :i e-l o w     8 1qr crr 3 
!.11    I ongue 0. !  

02 11ow de r 0. 2 
b:l  U ppe r J JC1th -0.4 
fi.!.   ;:,i --t  M;:,ry  • 7 

• 
.. ....,.... USDA 
N.    l w.l       ll ¢11tUl,rl.:t'         + 

rn tnrru   linn       ,t ern iiilii 
Note: Dara used to r;enerate.this ma,o are. PROl/lSJON AL   and SUDJCCTTO Cl IANGI:. 



• Water year mountain precipitation (Oct 1st – Current) is above to well above average at  
mountain locations across the state. October, December and February precipitation was  
well above average for all mountain locations. 

 
• Snowpack is near normal for this date in many basins, and above normal in a few basins  

in the northern and southern parts of the state. Only one basin is well below normal for  
snowpack, the Smith-Judith-Musselshell River basin. 

 
• Well above average temperatures and sunny days has resulted in snowmelt at valley to  

mid-elevations in the mountains, causing small streams to rise in the last week. 
 

• Streamflow forecasts as of March 1st indicate near to above average seasonal river  
volumes for the April 1st – July 31st time period, only a few central river basin forecasts  
indicate below average flows. 

 
• Melt and lack of precipitation in some basins during March will likely impact the forecasts  

on April 1st. 

Summary 



Lucas Zukiewicz 
Water Supply Specialist (Snow Hydrologist) 
USDA-NRCS 
Montana Snow Surveys  
Lucas.Zukiewicz@mt.usda.gov  
406-587-6843 
 
http://www.nrcs.usda.gov/wps/portal/nrcs/main/  
mt/snow/ 
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WHY MANAGE FLOODPLAINS? 

► Make federal flood insurance available to the community 

► Maintain eligibility for federal disaster relief funds 

► Identify areas of flood risk using best scientific data 

► Guide development and planning in flood-risk areas 
 

REDUCE FLOOD LOSS AND KEEP PEOPLE 
SAFE BY BUILDING SMARTER 
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NATIONAL FLOOD INSURANCE PROGRAM 

COMMUNITIES  adopt and enforce a 
floodplain management ordinance 
 
 
FEDERAL GOVERNMENT  makes flood  
insurance available to anyone living in a 
participating  community (and provides 
federal disaster relief, when necessary) 

What is it? 
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REGULATIONS 

MAPPING 

INSURANCE 

MITIGATION 
NFIP 

NATIONAL FLOOD INSURANCE PROGRAM 
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PROGRAM ROLES 

LOCAL COMMUNITIES 
Enforce National Flood Insurance Program 
requirements via a local floodplain ordinance  

STATE OF MONTANA 
Coordinates administration of the National 
Flood Insurance Program with FEMA 

FEMA 
Administers the National Flood Insurance 
Program 
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FLOODPLAIN MAPS 

FEMA’s Map Service Center 
www.msc.fema.gov  
 

http://www.msc.fema.gov/
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www.msc.fema.gov  
 

http://www.msc.fema.gov/
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FLOOD INSURANCE RATE MAP (FIRM) 
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High-risk area 
(100-Year Floodplain) 

 

• Floodway 
• Flood Fringe  

Moderate-risk area 
(500-Year Floodplain) 

Flood 
fringe 

Flood 
fringe 

Floodway 

Detailed Study 
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High-risk area 
(100-Year Floodplain) 

 

• Flood Fringe  

Approximate A 
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WHAT IS REGULATED? 

High-risk areas 
(100-Year Floodplain, Special Flood Hazard Area) 
 

► 26% chance of flooding during a 30-year mortgage 
► Flood insurance required on buildings with a federally backed 

mortgage 
► Floodplain regulations apply, floodplain permits necessary 
► Also referred to as: 

• 1%-Annual-Chance Floodplain 
• Regulated Flood Hazard Area 
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WHAT IS REGULATED? 

Floodway (in detailed studies only) 
► Sees fastest flows and the deepest depths of flood waters 
► Kept clear from development so that flood waters may pass  

 
How it’s different  
► Insurance requirement is the same as 100-Year Floodplain 
► More restrictive floodplain regulations apply 
► Projects must be reviewed by an engineer to determine if 

the project will increase flood heights  
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MONTANA’S 
FLOODPLAIN 
PROGRAM 
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DNRC STAFF 

WATER OPERATIONS 
BUREAU 
 

WATER OPERATIONS 
BUREAU CHIEF 

Steve Story 

FLOODPLAIN 
PROGRAM 

ADMINISTRATIVE ASSISTANT 
Bree Caldwell 

NFIP/CAP 
COORDINATOR 

Traci Sears 

FLOODPLAIN MAPPING UNIT 

MAPPING UNIT 
MANAGER 

Walter Ludlow 

CIVIL ENGINEERING 
SPECIALIST 

Nicole Decker 

TRAINING SPECIALIST 
Worby McNamee (0.5) 

OUTREACH 
SPECIALIST 

Michelle Phillips 

TRAINING SPECIALIST 
Worby McNamee (0.5) 

OUTREACH 
SPECIALIST 

Tiffany Lyden (0.75) 

COMMUNITY ASSISTANCE PROGRAM UNIT 

DAM SAFETY 
PROGRAM 

BOARD OF WATER 
WELL CONTRACTORS 
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MAPPING PROJECTS 
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CURRENT MAPPING PROJECTS 

Carbon County  
     - Yellowstone River 
 

Richland County   
     - Yellowstone River  
 

Gallatin County  
     - Bozeman Creek & tributaries 
     - West Gallatin River 
 
Missoula County  
     - Swan River 

Musselshell River 
 
Beaverhead County  
     - Beaverhead River 
     - Blacktail-Deer Creek  
     - Junction Creek 
 
Mineral County  
     - Clark Fork & tributaries  
     - St Regis & tributaries  
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COMMUNITY ASSISTANCE 
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THANK YOU! 
 
Michel le Phi l l ips 
mphillips2@mt.gov   444-1300 
 
Traci  Sears 
tsears@mt.gov   444-6654 

mailto:mphillips2@mt.gov
mailto:tsears@mt.gov


U.S. Department of the Interior 
U.S. Geological Survey 

March 2017 High Flows 

Governor’s Drought and 
Water Supply Advisory 
Committee Meeting 
March 22, 2017 

Battle Creek 
near 
Chinook 



 

Mill Creek above Bassoo Creek near Niarada 







 



 



 



 

Lodge Creek near Chinook 



Lolo Watershed Group 

Established in 2003 with the mission: 
 

“To understand and conserve the unique characteristics of the 
Lolo Creek watershed, including its wildlife and fisheries, scenic 
and rural character, local agriculture, and recreational 
opportunities while supporting private property and water 
rights.” 

 



Monitoring, Education, Restoration 

• Analyze our watershed 
through monitoring and 
information gathering 

• Engage residents and 
interested stakeholders in 
joint fact finding 

• Restore health and water 
quality to the creek based on 
our watershed restoration 
plan, EPA approved in 2012 



Water Quality Monitoring 

• Water quality limited by sediment. 
The non point source impairment 
qualifies us for 319 funding through 
DEQ for restoration work and 
monitoring efforts.  

• Partner with Watershed Education 
Network to collect sediment data 

• DEQ grant to investigate impacts of 
rip rap on sediment delivery 



 Purpose 
The purpose of this GWIP project is to determine the 
cause(s) of changes in streamflow that occur in Lolo 
Creek’s lower reach.  

March 22, 2017 

Nominated:   April, 2015 
Approved for funding: October, 2015 
Started:    Spring, 2016 



water 
in  
from  
headwaters 

surface water  
lost to groundwater 

water used  
by plants 

groundwater 
discharge to creek 

precipitation 

What determines the flow in Lower Lolo Creek? 

groundwater 
consumed 

Changes in any one or more than one of these  
factors will cause changes in Lolo Creek flow. 

The project 
will look at 
all of these 
possibilities 
and determine 
which creates 
the most 
significant 
stress 



How we approach the problem: 
 
Establish monitoring program 
 drill monitor well 
 inventory wells 
 install stream gauging stations 
 
Collect data 
 
Analyze the data 
 
Computer models of the data 
 
Computer models of potential changes 



Map of Monitoring Sites 

• http://goo.gl/obMiZi 

http://goo.gl/obMiZi


Lewis and Clark June 2016 

Lewis and Clark August 2016 

Lewis and Clark March 2017, post ice jam 



Looking at data together through time 
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Products: 
 
Finish the project by December, 2018. 
 
Release an Interpretive Report that describes the system, the interactions between 
the components and how water management practices might play into streamflow. 
 
Computer models that will be available for future use to analyze new stresses. 
 
Public presentations of the results. 
 
A comprehensive data set, archived permanently for public access. 



What is it? 
• A 3 to 4 year study of Lolo’s water resources and uses 
What are the benefits? 
• A comprehensive report of the hydrology of the watershed 
• Creation of a water budget 
• Long-term real-time streamflow gaging 
• Online data access 
What’s happening now? 
• Collecting streamflow and water use data 

 







Lolo Mesonet Stations 

climate.umt.edu 

         

Upper Lolo Station 

Lower Lolo Station 



Educate Watershed Youth and Residents 

• Lolo School Annual 
Field Trip – 60, 6th 
grade students 

• Public meetings and 
presentations on 
relevant topics 



Restoration Efforts 
• Riparian Planting in 2016 of area badly burned 

by the Lolo Creek Fire in 2013.  
• 75 volunteers over two days, planted 1,100 

saplings, revegetating almost 1,000 feet of 
stream bank.  



Annual Report 2016 



Building Organizational Capacity 

• Hired Big Sky Watershed 
Corps Member 2015-2017 

• Hired contractor to help 
with strategic planning 

• Volunteer board helps 
guide organization’s goals 
and work plan 



2017 Goals 

• Educate youth and local residents 
• Collect information about watershed 

(sediment and water supply) and share 
with public through written 
communications, field trips and 
presentations 

• Seek and apply for funding for riparian 
restoration 

• Develop strategic plan for organization 
• Begin drought resiliency planning 



The Economic Risks & Opportunities  
of Increased Water Volatility 

Presentation for the  Governor’s Drought & 
Water Supply Advisory Committee 
 
March 22, 2017 
Helena, Montana 
 
Presented by Sharon Brodie and Gary Gannon 
 
 
 
 
 



Research. Educate. Empower. 



 Develops core technology for 
citizens, governments, businesses, 
and nonprofits around the world. 
 

 Wealth Accounting: A method for 
measuring social, environmental, 
economic, and human capital.  
 

 Grassroots Driven 
 Multiple Stakeholders 
 Reduces Redundancy 
 Promotes Collaboration 
 Provides Insight for Action 



Environmental use of water:   
Baseline stocks and flows 

 

    
   

    

   
    

   

   

Natural world 

  

The Story of Water 
H2O Tools 



Environmental use of water:   
Baseline stocks and flows 

 

Human use of water: 
Requirements per purpose, 

actual use per purpose 
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H2O Tools 

Natural world 

The Story of Water 



Environmental use of water:   
Baseline stocks and flows 

 

Human use of water: 
Requirements per purpose, 

actual use per purpose 

The Monetary Economy: 
Revenue & Income;  
Assets & Liabilities 

Human controlled world 

H2O Tools 

Natural world 

The Story of Water 



Environmental use of water:   
Baseline stocks and flows 

 

Human use of water: 
Requirements per purpose, 

actual use per purpose 

The Monetary Economy: 
Revenue & Income;  
Assets & Liabilities 

Human controlled world 

H2O Tools 

Natural world 

The Story of Water 



Knowns: 
 Increased volatility of precipitation patterns 
 Population growth  
 Conversion of agricultural to residential 
 Agriculture & tourism affected by changing precipitation patterns 
 

Unknowns: 
 Economic volatility resulting from changing precipitation patterns 
 Options for adapting infrastructure and markets to improve 

resiliency    
 

Challenges 



Agenda 

 Water-relevant information 
 H2O Tools  
 Engaging stakeholders 
 Enhancing efforts of water groups 

 



Agenda 

 Water-relevant information 
 H2O Tools  
 Engaging stakeholders 
 Enhancing efforts of water groups 

 



Water Relevant Information:   
Many Sources 



Water Relevant Information: 
Many kinds of data 

Streamflow 

agency_cd site_no parameter_cd ts_id year_nu 
month_n
u mean_va cu ft/s 

acre-
ft/month 

5s 15s 5s 3n 4s 2s 12n 
USGS 6043500 60 80830 2015 1 304.8 18,400.99 
USGS 6043500 60 80830 2015 2 313.4 18,920.18 
USGS 6043500 60 80830 2015 3 362.2 21,866.27 
USGS 6043500 60 80830 2015 4 586 35,377.23 
USGS 6043500 60 80830 2015 5 1735 104,743.16 
USGS 6043500 60 80830 2015 6 1991 120,198.06 
USGS 6043500 60 80830 2015 7 700 42,259.49 
USGS 6043500 60 80830 2015 8 507.5 30,638.13 
USGS 6043500 60 80830 2015 9 435.9 26,315.59 
USGS 6043500 60 80830 2015 10 395.5 23,876.61 
USGS 6043500 60 80830 2015 11 326.6 19,717.07 
USGS 6043500 60 80830 2015 12 288.4 17,410.91 

479,723.69 



Water Relevant Information: 
Many kinds of data 

Precipitation 

RANGE MEAN STD SUM_ Month_ Units Conversion Formula acre-ft/month 
131.7952123 34.78280489 24.34198973 6365.253295 01 mm ((mm*0.001) * Area)*0.000810714 134,817.94 
119.9144113 39.94382616 26.25266085 7309.720186 02 mm 154,822.03 
73.26211452 27.71986033 13.84042951 5072.734441 03 mm 107,442.01 
125.0082664 64.68810439 21.20183324 11837.9231 04 mm 250,730.71 
127.2768555 117.0645844 28.90995849 21422.81894 05 mm 453,741.63 
51.50927544 34.24711773 9.485942778 6267.222544 06 mm 132,741.62 
121.0842972 73.0980437 20.37557466 13376.942 07 mm 283,327.58 
81.03090572 37.99516098 14.49489146 6953.11446 08 mm 147,269.02 
72.90276146 52.96846363 16.88703601 9693.228844 09 mm 205,305.45 
94.19399071 47.9289367 13.75742339 8770.995417 10 mm 185,772.27 
114.1950092 64.79265349 29.04816637 11857.05559 11 mm 251,135.94 
176.7991362 71.07082192 38.98522502 13005.96041 12 mm 275,470.08 

2,582,576.28 



Water Relevant Information: 
Many kinds of data 

Snow Water Equivalent 

MIN MAX RANGE MEAN STD SUM Month_ Units Acre-feet 
0.003 0.389999986 0.386999986 0.130708617 0.097087399 1037.565 01 meters 506,625.82 

0 0.521000028 0.521000028 0.122165785 0.145767298 969.7519998 02 meters 473,513.85 
0 0.582000017 0.582000017 0.108338624 0.145791549 859.992 03 meters 419,919.86 
0 0.76700002 0.76700002 0.119300706 0.171630338 947.0090008 04 meters 462,408.82 
0 0.836000025 0.836000025 0.085459562 0.159916851 678.3780009 05 meters 331,240.75 
0 0.435000002 0.435000002 0.001253464 0.013972249 9.949999981 06 meters 4,858.42 
0 0 0 0 0 0 07 meters 0.00 
0 0 0 0 0 0 08 meters 0.00 
0 0 0 0 0 0 09 meters 0.00 
0 0 0 0 0 0 10 meters 0.00 
0 0.112999998 0.112999998 0.020259637 0.026502499 160.8210005 11 meters 78,526.23 

0.017000001 0.234999999 0.217999998 0.076161124 0.057184159 604.5670007 12 meters 295,200.06 
2,572,293.81 



Water Relevant Information: 
Many kinds of data 

Evaporation 
MONTANA 

MONTHLY AVERAGE PAN EVAPORATION (INCHES) 

PERIOD 
OF RECORD JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 

BABB 6 NE 1948-2005 0 0 0 0 5.23 5.91 6.87 5.9 4.06 0 0 0 27.97 
BOZEMAN MONTANA ST UNIV 1892-2005 0 0 0 3.34 5.58 6.03 8.34 7.17 4.57 2.62 0 0 37.65 
BOZEMAN 6 W EXP FARM 1966-2005 0 0 0 4.24 5.68 6.62 8.19 7.73 4.88 2.99 0 0 40.33 
CANYON FERRY DAM 1948-1957 0 0 0 0 7.98 7.13 8.17 7.41 5.5 3.11 0 0 39.3 
CANYON FERRY DAM 1907-1996 0 0 0 3.15 5.04 6.21 7.91 7.04 4.18 1.93 0 0 35.46 
DILLON WMCE 1895-2005 0 0 0 3.05 4.72 5.32 6.41 5.45 3.48 2.84 0 0 31.27 
FORT ASSINNIBOINE 1917-2005 0 0 0 4.54 6.43 7.3 8.86 8.12 5 0 0 0 40.25 
FORT PECK 1948-1956 0 0 0 0 5.99 8.17 9.51 8.04 5.36 4.25 0 0 41.32 
FORT PECK POWER PLANT 1956-2005 0 0 0 0 7.34 8.45 10.42 9.81 5.83 3.53 0 0 45.38 
HUNGRY HORSE DAM 1948-2005 0 0 0 0 4.83 5.62 7.81 6.63 3.46 1.37 0 0 29.72 
HUNTLEY EXPERIMENT STN 1911-2005 0 0 0 5.03 6.71 7.4 8.88 8.15 5.1 0 0 0 41.27 
LONESOME LAKE 1948-1981 0 0 0 0 7.42 7.6 9.25 8.31 5.7 0 0 0 38.28 
MALTA 7 E 1972-2005 0 0 0 4.67 6.5 6.51 7.61 6.84 4.17 1.34 0 0 37.64 
MEDICINE LAKE 3 SE 1911-2005 0 0 0 0 7.44 7.69 9.62 9.19 5.36 0 0 0 39.3 
MOCCASIN EXPERIMENT STN 1909-2005 0 0 0 4.35 6.59 7.72 9.66 9.21 6.39 0 0 0 43.92 
SIDNEY 1910-2005 0 0 0 3.99 5.63 6.44 6.93 5.45 2.89 1.81 0 0 33.14 
TIBER DAM 1952-2005 0 0 0 0 4.51 6.46 7.65 5.56 4.34 0 0 0 28.52 
VALIER 1911-2005 0 0 0 0 5.37 6.49 7.33 5.62 4.72 0 0 0 29.53 
WESTERN AG RESEARCH CNT 1965-2005 0 0 0 0 5.08 6.03 7.26 6.07 4.14 2.25 0 0 30.83 
YELLOWTAIL DAM 1948-2005 0 0 0 0 6.94 8.84 10.6 9.74 6.58 4.86 0 0 47.56 



Water Relevant Information: 
Many kinds of data 

Evapotranspiration 
MEAN STD SUM Month_ acre-feet 
7.011103099 4.32738751 38897.6 01 27,174.99 
11.11584355 5.669284386 61670.70002 02 43,084.94 

19.6769106 5.705216056 109167.5 03 76,267.59 
22.77092647 5.861678864 126333.1001 04 88,259.97 

30.0441781 8.867635372 166685.1001 05 116,451.05 
51.51870941 24.71594997 285825.7998 06 199,686.21 
56.94336696 29.2675942 315921.7999 07 220,712.15 
35.83312904 17.95027292 198802.1999 08 138,888.99 
14.52189978 8.00312088 80567.49997 09 56,286.80 
10.53037131 4.762943745 58422.50004 10 40,815.66 
7.154361934 3.881523731 39692.40001 11 27,730.26 
6.076676276 3.792598517 33713.39998 12 23,553.16 

1,058,911.78 



Water Relevant Information: 
Many kinds of data 

Ground Water 



Agenda 

 Water-relevant information 
 H2O Tools  
 Engaging stakeholders 
 Enhancing efforts of water groups 

 



An online platform  

 Representation and analysis of: 
 Hydrological properties, precipitation, stocks and flows 
 Water requirements, use and rights 
 Economic activity 

 For a given region: 
 Analyze economic impacts accruing to changes in precipitation 

patterns 
 Analyze options for improving economic resiliency and opportunities 

 For a given stakeholder: 
 Enable stakeholders to see how their actions affect each other 

 
 

H2O Tools   



H2O Tools : Gallatin 

Overlapping physical and political boundaries 



Parcel Outline View 

Water-Relevant Info:  
Many kinds of data 



Land use by Parcel Outline View 

Water-Relevant Info:  
Many kinds of data 



Land use, Irrigation by Parcel Outline View 

Water-Relevant Info:  
Many kinds of data 



Land use, Irrigation water rights by Parcel Outline View 

Water-Relevant Info:  
Many kinds of data 



H2O Tools : Water Accounting 

 Observations vs. Estimates 
 Stock views vs. Flow views 
 Actuals vs. Forecast 
 Cash vs. Accruals 
 Watershed vs. political region aggregation 

 



H2O Tools : Water Accounting Principles 



 H2O Tools : Physical Water Budgets  

Simple budget formula: P + Qin = ET + S + Qout 

Expanded Formula: P + Qsw
in + Qgw

in = ETsw + ETgw + ETuz + ΔSsw + ΔSsnow + ΔSuz + ΔSgw + Qgw
out + RO + Qbf   

Time: 2015-July Scenario:  
Actual   Reporting Unit:  Gallatin river bassin 

All units: Acre-feet 
Opening 

stocks 

Inflows outflows 
Unnaccounted 

for 
Closing 
stocks Precipitation up-watershed Economic 

discharge 

evaporation over 
non irrigated 

surfaces 

down-
watershed 

Economic 
abstraction 

                  

All water 
Assets 

  283,328   0 88,285 42,259 132,427 0 20,356 

 All Surface water           42,259       

All lakes                   

All rivers           42,259       

All ground water                   

All Soil                   

All Aquifers                   

All Urban systems 3000                 

                        
  

Availability 
Legend 

            

  

Not 
Applicable 

Potential 
data gap 

Partially 
available Likely available Available 

  
                        



 H2O Tools : Physical Water Budgets  

Simple budget formula: P + Qin = ET + S + Qout 

Expanded Formula: P + Qsw
in + Qgw

in = ETsw + ETgw + ETuz + ΔSsw + ΔSsnow + ΔSuz + ΔSgw + Qgw
out + RO + Qbf   

Time: 2015-July Scenario:  
Actual   Reporting Unit:  Gallatin river bassin 

All units: Acre-feet 
Opening 

stocks 

Inflows outflows 
Unnaccounted 

for 
Closing 
stocks Precipitation up-watershed Economic 

discharge 

evaporation over 
non irrigated 

surfaces 

down-
watershed 

Economic 
abstraction 

                  

All water 
Assets 

  283,328   0 88,285 0 132,427 0 62,615 

 All Surface water                   

All lakes                   

All rivers                   

All ground water                   

All Soil                   

All Aquifers                   

All Urban systems                   

                        
  

Data Value 
Legend 

        

  

High value 
unknowns 

Not high  
value 

unknowns 
Not Applicable 

  
                        



H2O Tools : Water Budget Analyses 

 Can take any reasonable form 

Conceptual water budget 
based on the data collected for this study and accepted hydraulic 

estimates. 
Input 

Component Value (AF/y) Output 
Component Value (AF/y) 

GW in 100–900 GW out  30,000 
Rin 60,000 R out Variable 
RIV in 20,000-40,000 RIV out 20,000–50,000 
STR in 200-500 STR out 100-500 
    ±ΔS   
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H2O Tools : Water Budget Analyses 
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H2O Tools :  Productive Use of Water  

 Agriculture & Livestock 
 Domestic & Municipal 
 Commercial 
 Fisheries and Wildlife 
 Recreation & Tourism 
 Hydro Power 
 Industrial 



H2O Tools :  
Parcel View Water Analyses  

Parcel 236- July 2015 

Irrigated Acres 
193.0 
Acres 

Sprinkler Irrigation 
Acres 

193.0 
Acres 

Irrigation Efficiency 0.5 
Water use 73 acre-ft 
Ag use  71 acre-ft. 
Water rights  acre-ft. 

Optimal Ag 
requirements  

90 acre-ft. 

Ag production 
efficiency 

0.7 

Projected value of 
crop  

$2.3 mm 

Value difference from 
prior projection 

$ - 0.5 
mm 

Water value  TBD 



H2O Tools:  Illustrative Vulnerability and Threat Assessment 

    

Natural Asset Assessments 

Built Asset Assessments 



Gallatin County Budget 

Water impacts 



Agenda 

 Water-relevant information 
 H2O tools 
 Engaging stakeholders 
 Enhancing efforts of water groups 



Engaging Stakeholders 

 Stakeholder-specific views / User Interface 
 Run what-if scenarios 
 All micro information accepted  
 Competing water uses identified within groups 
 Multi Stakeholder collaboration 



Engaging Stakeholders:  
to Resolve Conflicts 



Engaging Stakeholders:  
to Resolve Conflicts 

Parcel 236- July 2015 

Irrigated Acres 
193.0 
Acres 

Sprinkler Irrigation 
Acres 

193.0 
Acres 

Irrigation Efficiency 0.5 
Water use 73 acre-ft 
Ag use  71 acre-ft. 
Water rights  acre-ft. 

Optimal Ag 
requirements  

90 acre-ft. 

Ag production 
efficiency 

0.7 

Projected value of 
crop  

$2.3 mm 

Value difference from 
prior projection 

$ - 0.5 
mm 

Water value  TBD 



Engaging Stakeholders:  
to Resolve Conflicts 

Parcel 236- July 2015 

Irrigated Acres 
193.0 
Acres 

Sprinkler Irrigation 
Acres 

193.0 
Acres 

Irrigation Efficiency 0.5 
Water use 73 acre-ft 
Ag use  71 acre-ft. 
Water rights  acre-ft. 

Optimal Ag 
requirements  

90 acre-ft. 

Ag production 
efficiency 

0.7 

Projected value of 
crop  

$2.3 mm 

Value difference from 
prior projection 

$ - 0.5 
mm 

Water value  TBD 

Parcel 341- July 2015 

Irrigated Acres 
138.4 
Acres 

Pivot Irrigation Acres 
138.4 
Acres 

Irrigation Efficiency 0.65 

Water use 47 acre-ft. 

Ag use  45 acre-ft. 

Water rights  acre-ft. 

Optimal Ag 
requirements  

77 acre-ft. 

Ag production 
efficiency 

0.7 

Projected value of 
crop  

$2.3 mm 

Value difference 
from prior projection 

$ - 0.5 
mm 

Water value  TBD 



Agenda 

 Water-relevant information 
 H2O tools 
 Engaging stakeholders 
 Enhancing efforts of water groups 



Enhancing Efforts of Water Groups 

 As data providers:   
• All data accepted 
• Information value continually assessed 

• Even for data that’s not there 
• Value of information that should be available 

 
 As policy advocates:   

• Full transparency  
• Access 
• Quality 

 



Enhancing Water Projects 

 Observation  
 Modeling 
 Control 

 



 Water storage (slowing down water) 
 Fisheries protections 

 

Supporting Mitigation Planning 



Summary 

 There appears to be enough water data to 
develop preliminary water budgets that 
highlight potential areas of water vulnerability 

 Combining water budgets and water 
requirements enables H2O tools  
• To provide a multi-stakeholder platform for 

stakeholders to resolve water issues 
• To estimate the value of acquiring certain water 

information  



Thank you! 

Questions? 



Please Contact Us 

Sharon Brodie 
Four Corners Community Foundation 
Sharon@fccfmt.org  
406-579-7886 
 
 
 
 
Gary Gannon 
Principal, sciGaia 
Gary@sciGaia.com 
406-586-3388 

mailto:Sharon@fccfmt.org
mailto:Gary@sciGaia.com


Environmental use of water:   
Baseline stocks and flows 

 

    
   

    

   
    

   

   

Natural world 

  

The Story of Water 



Environmental use of water:   
Baseline stocks and flows 

 

    
   

    

The Monetary Economy: 
Revenue & Income;  
Assets & Liabilities 

Human controlled world Natural world 

  

The Story of Water 



Environmental use of water:   
Baseline stocks and flows 

 

    
   

    

The Monetary Economy: 
Revenue & Income;  
Assets & Liabilities 
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See H2O 

Natural world 

The Story of Water 
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