An analysis of spatial trends within past to present climate
trajectories in the Greater Yellowstone Ecosystem

Tony Chang and Andrew ]. Hansen

Department of Ecology
Montana State University

Yellowstone Center for Resources meeting
October 26,2012



- Present day recorded
changes in temperature
at a global scale are not
homogeneous across
the landscape

IPCC 2007

Changes in physical and biological systems and surface temperature 1970-2004
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@ Physical systems (snow, ice and frozen ground; hydrology; coastal processes)
@ Biological systems (terrestrial, marine, and freshwater)

Temperature change *C
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* Polar regions include also chserved changes in marine and freshwater biological systems,
** Marine and freshwater includes observed changes at sites and large areas in oceans, small islands and continents.
Locations of large-area marine changes are not shown on the map.
*** Circles in Europa reprasent 1 ta 7,500 data saries,
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- ~700 observation
locations in the GYE
from 1894-2011

- Selection of 42
stations for analysis in

an elevation gradient of
5280-9865 ft




Significant trends in minimum and maximum temperature changes across GYE

tmin anomaly (°F)
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A tmin plot from 1982 - 2011 for all analyzed stations
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Maximum temperature rates of change with time are do not display a significant trend

ubiquitously across GYE

tmax plot from 1982 - 2011 for Gardiner
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tmin anomaly (°F)

tmin anomaly (°F)

Al

Minimum temperature rates of change with time display a significant trend

tmin plot from 1982 - 2011 for Gardiner
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tmin plot from 1982 - 2011 for TowerFalls
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Significant diurnal temperature range contraction signal

dtr plot from 1982 - 2011 for all analyzed stations
- - trend -0.130 (° F/year)
— 5-yr running mean

—_
@
]
2
w
‘L
o
T

2005 2010

R2= 0.634, p-value = 1.44 x107




Minimum temperature rates of change display association with elevation
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Station Trend R-sq p-value Elevation
Cooke City 0.10 036  473E-04 7460

Darwin Ranch 0.08 0.28  2.74E-03 8160
Fisher Creek 0.34 0.74  7.03E-09 9134
Gardiner 0.05 01 707e-02 5780
Jackson 0.1 0.20 |.2IE-02  BBal
lake Yellowstone 0.3 033 9.7E-04 7833

lick Creek 0.30 0.80 .IGE-l  B8HE
Moran Junction -0.06 0.0 9.3atk-07 b788
Old Faithtful 0.0 0.32 |I0E-03 7320
Snake River 0.27 048 bB.40F-00  G8YE
Togwaotee 0.48 070  1.05E-08 9610
TowerFalls 0.09 022 946E-03  G2B6
YNP Mammath 0.04 0.06 [.91E-01  B300




Significant positive correlation between minimum temperature trend and elevation

trend (° F/yr)
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Climate trajectory and elevation regression
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-- Slope: 0.016 (deg F/year/ 1000ft)




PRISM interpolation for regional climate assessment
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-weighted
regression of
elevation

-weighting factors
include:
*station spacing

*terrain induced
climate transition
areas (rain shadow)

*cold air drainage
(inversion areas)

* coastal zone
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PRISM 1982-2011
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PRISM 1982-2011
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PRISM displays filtering of variation for minimum
temperature trends across GYE

trend (°F/year)
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-No significant difference in mean trends



PRISM Tmin trend plot from 1982 - 2011
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trend (“F/year)

possibly due to PRISM ‘
interpolation method and limited
station data at those elevations.
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Implications and future research

-Greater Yellowstone Ecosystem experiencing a
diurnal temperature range contraction from
1982-2011 (Easterling et al 1997)

-Greatest increases of temperature trends
occurring in the sub-alpine/alpine mountain
regions

-Consistent with findings in Europe and Asia
(Diaz and Bradley 1997)




Implications and future research

-Potential mechanisms include:
cloudiness, humidity, land cover changes, and
increased atmospheric CO2 levels

-Likely the number of days where average
temperature cross the zero °C
freeze/thaw isotherm (days of snowmelt)
(Pederson 2010)

-Increased of snowmelt positive
feedback, reduces albedo
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2009 LAS Aerial Survey: Status of Whitebark Pine

Overstory Mortality, Greater Yellowstone Ecosystem
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Tmin temp. trend
deg F/ year

[ -0.356 - -0.027
[ ]-0027-0074
[ Joo74-0.156
[ Jo156-0261
I 0261 - 0551

Preliminary analysis
display strong
association of
mortality with
minimum temperature

trends.




Implications

-Temperature trends imply increased exposure of
climatic change for alpine species such as whitebark
pine.

-Variation in snow melt timing, results in changes
of water resource availability and phenological
response periods.

-Climate/ecosystem forecast model application has
high potential for active management of climate
change.



Future research

-Analysis of daily snow depth/snow water
equivalent measurements at meterological stations
over 30 year period.

-Investigate remote sensed albedo products
(MODIS/MISR) and measure monthly values in
alpine zones.

-Overlay analysis of current whitebark pine
distribution for multiple life stages.

-Use NASA TOPS forecast model and predict
change across the GYE.
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Principal component analysis display clustering of minimum temperature
trends with elevation gradient
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No significant trend in precipitation

ppt plot from 1982 - 2011 for Gardiner
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ppt plot from 1982 - 2011 for LakeYellowstone
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ppt plot from 1982 - 2011 for Jackson

0.8 !
0.6 b b P
E
> 0.2 1
(1]
£
Q
c
|
Q
-0.2 1
- - slope (-0.008) infyear
—— 10-yr running mean
. I | | 1 1 1
Ol% 1985 1990 1995 2000 2005 2010 2015
time
04 ppt plot from 1982 - 2011 for TowerFalls
0.3r 1
0.2r 1
0.1r 1
0.0 1
=0.11 1
_0.2_ |
—0.3F e S S SlOpE (_0004) in/year 4
10-yr running mean
-0 L I I 1 1 [ ] I
fQSD 1985 1990 1995 2000 2005 2010 2015

time



Principal component analysis display clustering of minimum temperature
trends with elevation gradient




