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The Montana Water Summit — Water in a Changing West /MBNTANA

 Climate provides key physical constraints to regional water
supply and demand

* Ecological and economic systems adjust to find
equilibrium under given climatic conditions

* Water demand is a very local phenomenon, water is
needed at a very specific place and time
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The Montana Water Summit — Water in a Changing West

MCA driven by outreach to ~900 citizens of Montana to
determine:

* Critical decisions and issues impacted by climate
* What type of information they need
* How to disseminate useful information

Stakeholder responses informed the MCA strategy
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Montana’s physiography induces longitudinal climatic gradients
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Air Temperature Statistics in Montana, °F

Montana climate division Winter (avg / avg minimum) ] Summer (avg / avg maximum)

Northwestern 40.6 16.5 394 720 40.6
Southwestern 389 24 373 71.5 394
North central 42.8 21.8/109 42.1 63.8/78.3 43.1
Central 433 248/14.6 41.8 62.7/77.1 43.5
South central 440 246/142 42.5 64.3/78.8 442
Northeastern 183Y79 433 67.4 N\81.6 44.0

Southeastern 228/ 11.7 44 .6 83.2 458
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Precipitation Statistics in Montana, inches (cm)

Montana climate division

Winter (avg / avg minimum)

Summer (avg / avg maximum)

Northwestern

Southwestern

North central

Central

South central

Northeastern

Southeastern

82.2)
53.8)
15.1 (38.4)

17.6 (44.7)

18.4 (46.7)

9.4 (23.9)
4.1 (10.4)
1.9 (4.8)
24 (6.1)
2.7 (6.9)
1.0 (2.5)

1.2 (3.0)

8.9 (22.6)
7.1 (18.0)
46 (11.7)
5.8 (14.7)
6.4 (16.3)
3.7 (9.4)

4.6 (11.7)

6.1 (15.5)
5.5(14.0)
5.5(14.0)
5.9 (15.0)
52(132)
5.7 (14.5)

5.1(13.0)

8.1 (20.6)
4.6 (11.7)
3.1(7.9)
3.5(8.9)
42(10.7)
24 (6.1)

29(74)

Whitlock et al. 2017 Montana Climate Assessment



MT Climate Division Temperature Trends
from 1950-2015
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Monthly Change in Average Temperature RCP 4.5 (2040-2069)
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Fi Change in Monthly Precipitation (in.) RCP 4.5 (2040-2069)
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Length of consecutive days without wetting rain are increasing

Change in Number of Consecutive Dry Days (<1”)
RCP 4.5 (2040-2069)
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Monitoring agricultural production using new remote sensing methologies

16
Alfalfa ——2008-2011

W

14

12

Field Scale crop productivity

10

GPP (g Cm2d?)
(=]

2 l/y l \
0 — e
Mar-01 Apr-10 May-20 Jun-29 Aug-08 Sep-17 oct-27
Date
9
g Spring Wheat 2008-2011
/ \ ~—2008
= 7 1
o /
o 6 " |
r ;" “n
(& 5 =\
= ¥l t
a 4 /1]
a / \
0 3 /] 'i
/ :
[} \

et JJJ&}M

Mar-01 Apr-10 May-20 Jun-29 Aug-08 Sep-17 Oct-27
Nata

He et al. 2018. Remote Sensing Journal




2017 Northern Plain Flash Drought using new SMAP-based GPP product (L4C)
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2017 Northern Plain Flash Drought using new SMAP-based GPP product (L4C)

SMAP L4C SMAP L4SM
Gross Primary Productivity Root Zone Soil Moisture
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Crop yields have increased in Montana, but not the same for all counties

Winter Wheat: 0.32 Bushels / Acre per year Barley: 0.55 Bushels / Acre per year

80 - 1201
70 - 100
S 60 G
g < 80-
oy 50 1 ~
® v
%40. g 60 1
w
@ 30 a 401
20° 20
10
. : . . . . . 01
1960 1365 1390 1995 2000 2005 2010 2015 1980 1985 1990 1995 2000 2005 2010 2015
Year
Year
Alfalfa: -0.0 Tons / Acre per year
5.
4
v
v
<3
"
c
o
2.
14
1980 1985 1990 1995 2000 2005 2010 2015
; > - Year
Montana'Water .
<= Wourster et al. in prep.

Su




Climatic inertia of agricultural systems
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Eastern Montana alfalfa production more exposed to precipitation variability
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Eastern Montana alfalfa production more exposed to precipitation variability
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Institutional constraints can mitigate (or exacerbate) drought impacts

Overall Constraint on Montana Water Development
— | e Constraints used in analysis:

‘ {\\\Tg Si "3  Surface water rights
lispell
:’\\‘ » .

A
* Groundwater closures
* Reserved water right
compacts (tribal and
federal)
* Instream flow rights
* Water quality

Total Constraint
Categories

1Low [0 4
> s
s e
NAD 83 State Plane MT FIPFS 2500

Units: Meter 0 20 40 80 120
Sources: USGS, Montana State Library Cartographer: Anna Crockett _—E e\ es

Montana Wat'é,rf
Summit=<2g Chaffin, DellaRossa, et al. in preparation




daWUAP - Self-calibrating Hydro-economic model of Water Use and Agricultural Production
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The Montana Water Summit — Water in a Changing West mNTANA

Temperatures have increased and will continue to increase.

* Increases more pronounced during growing season.

Precipitation has increased in the spring and decreased during the

growing season.

* Length of periods without wetting rain are increasing.

Increases in agricultural yields remain strong fueled by better

practices.

* Production in eastern Montana more sensitive to precipitation
variability and therefore more exposed to drought.

 Western Montana exhibits more resiliency.

New RS-based hydro-economic tools will permit further insight

into the impact of climate on Montana’s water resources and

agriculture.



