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Introduction




Research Objectives

» To investigate late Holocene climate change
» Medieval Warm Period (AD 900-1350)
» Little Ice Age (AD1350-1850)
» Maunder Minimum (AD 1645-1715)

» Evaluation possible analogues to modern climate
change
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Hypotheses

» (1) The whitebark pine and Engelmann spruce
remnant logs represent an open woodland that
thrived during the MWP, but was killed during the LIA.

» (2) Establishment dates for living trees at the FTL site
should post-date the end of the Maunder Minimum,
and especially the LIA, and establishment patterns in
these trees should reflect where snow and ice
melted first, most likely along an elevational
gradient.

» (3) During the 20t century, growth of living whitebark
pines will have significant relationships with climate
variables that were characteristic of climate
conditions during the MWP (i.e. warmer
temperatures and drier conditions).
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Methods Il

» H1: Remnant Tree Mortality
» Dendroarchaeology

» Statistical internal and external crossdating
(COFECHA)

» Development of “floating” detrended chronology
(ARSTAN)

» Mt. Washburn (AD 937-1998) and Sylvan Pass (AD
1388-1983)

» Anchored in time
» H2: Living Tree Establishment
» Ring counts and establishment dates
» Standardized pith estimators
» Chronology development (COFECHA and ARSTAN)

» Stem Mapping and Frequency Distribution Graphs
in Excel
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Methods Il

» H3: Climate-Growth Relationships
» Treeclim (R package)
» Correlation Analysis (relationships)

» Forward and backward evolutionary analysis
(temporal stability)

» NOAA climate divisional data for the
Yellowstone Drainage region of northwest
Wyoming (NCEI 2016)

monthly average temperature (MNTM)

monthly maximum temperature (TMAX)
monthly minimum temperature (TMIN)

total monthly precipitation (TPCP)

monthly standardized precipitation index (SP01)
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Palmer Drought Severity Index (PDSI)
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Results I: Remnant Trees
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Remnant Engelmann Spruce

Chronology
99% ClI
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ENGELMANN SPRUCE ESTABLISHMENT
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Fantan Lake Engelmann Spruce

Chronology
99% ClI

Sample Depth
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Average interseries correlation: 0.62 (p < 0.0001), average mean sensitivity: 0.22




m+UNIVERSITYo/TENNESSEE BF

KNOXVILLE

R eS u |tS | | | : C I I m ate o G rOWt h Oy o o assaause

I

Coefficients
Coefficients

s — g - : significant
II . -« FALSE
— TRUE

UULAUGSEPOCT May Juih Jul Aug Sep
H varname

I - . ) o X3

* q-:-. . b & - 4 . . ® significant
® 9 R TR x - - FALSE
— TRUE

Coefficients
Coefficients

Jul Aug Sep GSEPOCT
varname

& X3

significant
- - FALSE
— TRUE

[%] w
@ »
o =4
Q o
1%} o
b= E
@ [
(=} o
O . o

May Jun
vamame

@ X3
significant

I' TR .1 R - - FALSE

— TRUE

Coefficients
Coefficients

11

May Jun Aug Sep Oct Nolf Dec JAN y Jun Jul AugfBep Oct Niv Dec JA

it

May Jun Aug Sep Oct Noff Dec JAN FEBMARAPRMAY JUN JULAUGSEPOCT y Jun Jul Augpep Oct N

varmname
I. I @ X3
1 I ol -1 {41 1
i W P z : significant
. [ .t AKX, * = FALSE
— TRUE

Coefficients
Coefficients

. varname
X | R [ & X3

EERE EIISERRERER

May Jun Aug Sep Oct Nov Dec JAN FEBMARAPRMAY JUN JULAUGSEPOCT May Jun Jul Aug Sep Oct Nov Dec JAN FEBMARAPRMAYJUN JULAUGSEPOCT

significant
= = FALSE
— TRUE

Coefficients
Coefficients




RSITYo TENNESSEE BF

KNOXVILLE

DEPARTMENT OF GEOGRAPHY

A
TED
=
O
Q
Q
=9

Clima

Results Il

X3.curr.oct
X3.curr.sep

X3.curr.aug

X3.curr.jul

* % ¥k ¥ %

X3.curr.may

X3.currapr
X3.curr.mar

X3.curr.feb

X3.prev.dec
X3.prev.nov

X3.prev.oct

X3.prev.sep
X3.prev.aug

X3.prev.jul
X3.prev.jun
X3.prev.may

¥10Z-L681
£102-L681
ZL0Z-L681
LI0Z-L681
0L0Z-L681
600Z-2681
800Z-L681
L00g-L681
900Z-L681
S00Z-L681
¥002-L681
£00Z-L681
¢00g-L681
LO0Z-L68
000Z-L681
66612681
9661-L681
LBBL-L68L
9661-L681
S66L-L681
¥66L-L6B1
£661-L681
2661-L681
L66L-L681
066L-2681
6961-2681
9861-L681
1861-L681
9861-L681
Se61-L681
¥861-L681
£861-L681
2861-L681
Le6L-Z681
086L-L681
6461-L681
/611681
LiBL-L6BL
9.61-L681
Gi6L-L681
vL6L-L6BL
£I6L-1681
2i6l-1681
Li6L-L68L
0i61-1681
6961-L681
8961-L681
1961-L681
9961-L681
G961-L681
96L-LE6B L
£961-L681
¢961-L681
L96L-L68L
0961-L681
6S6L-L6BL
95612681
LSBL-L6BL
9561-L681
GS6L-L681
¥S6L-L6BL
£561-L681
2S6L-2681
LS6L-L68L
0S6L-L681
6¥6L-L681
gr6L-1681
Lv6l-L68L
96L-L68L
St6l-L681
Pr6L-/68L
£Y6L-L681
er6l-L681
L¥6L-L681
0¥6L-L681
BEGL-LEBL
9E61-L681
LEBL-LEBL
9E6L-L68L
GE6L-L68L
FEBL-LEBL
£E6L-L681
cE6L-L68L
LEBL-LEBL

X3.curr.oct
X3.curr.sep

X3.curr.aug

X3.curr.jul

X3.curr.may

X3.currapr
X3.curr.mar

X3.curr.feb

X3.curr.jan
X3.prev.dec
X3.prev.nov

X3.prev.oct

X3.prev.sep
X3.prev.aug

X3.prev.jul
X3.prev.jun
X3.prev.may

¥10Z-0861
F10Z-6461
vL0Z-8L61
F10Z-LL61
v10Z-9.61
PLOZ-SL6L
FL0Z-vL61
¥L02-EL6L
F10Z-2L61
FL0Z-LL6L
¥102-0.61
¥10Z-6961
¥102-8961
¥L0E-L961
¥10Z-9961
¥102-5961
PLOZ-P96L
¥LOZ-E961L
¥102-2961
PLOZ-1961L
¥10Z-0961
¥L02-6561
¥10Z-8561
F10Z-L561
¥10Z-9561
FLOZ-5561L
FL0Z-¥561
¥102-ES61
¥10Z-2561
¥lL0Z-1S61
¥102-0561
FL0Z-6¥61
¥L0Z-8¥6L
FLOZ-ItEL
F10Z-9¥6 1L
F10Z-5¥61
PLOZ-PPEL
FL0Z-E¥6L
F10Z-Z¥61L
PLOZ-L¥EL
F10Z-0v61
PLOZ-BEEL
PLOZ-BE6L
F10Z-LE6L
PLOZ-9E61L
F10Z-SE61
FL0Z-vE6L
¥I0Z-EEGL
F10Z-ZE61
¥1L0g-LEGL
¥L0E-0E61
¥10Z-6261
¥102-8261
¥10Z-L261
¥L0Z-9261L
¥102-5261
PLOZ-¥ZEL
F10Z-€261
¥L02-2261
PLOZ-L26L
¥102-0261
vL0Z-616L
FLOZ-BLEL
FL0Z-LL6L
¥102-9L61
FL0Z-SL6L
vlL0Z-vLEL
¥L0Z-ELGL
FL0Z-ZL6L
l0g-LLGL
¥L0Z-0L6L
F10Z-6061
¥102-8061
PLOZ-L061L
¥10Z-9061
F102-5061
PLOZ-P06L
F10Z-E061
PLOZ-Z061L
PL0Z-L061L
#102-0061
PLOZ-6681L
¥10Z-8681
rl0z-L681




SSEE

ERSITYoTENNE

\Y

e JN]

DEPARTMENT OF GEOGRAPHY

aC
TED
=
O
Q
Q
=9

Clima

Results I

Xi.curroct
X3.curr.sep

X3 .curr.aug

X3 curr_jul
X3.curr jun
X3.curr.may

X3.curr.apr

X3.curr.mar

X3.curr.feb

X3.curr jan
Xi.prev.dec

X3 prev.oct
X3 prev.sep

X3.prev.aug

X3.prev.jul

X3.prev.jun
X3 prev.may

SL02-L681
tlL0Z-L681
£102-L68 1
2L02-L681
L 1021681
0L0Z-L681
6002-L68 1
2002-L681
L002-L68 1
9002-L681
S002-L681
00Z-L681
£002-L681
Z00Z-1681
LO0E-L68 L
0002-L681
6661-L68 1
8661L-L68 |
L66L-L681
9661-L68 1
S66L-L68 1
66L-L68 1
£661-L681
Z66L-L68
LE6L-L68 1
0661-L68
6861-L68 1
9861-L68 1
1961-1681
9861L-L68 |
SO6L-L681
r861L-L681
£86L-L68 1
2861-L681
L86L-L681
0861L-L68 |
6.6L-L681
9I6L-L68 1L
LIGL-LGEL
9L61-L68 1
SI6L-L681
riGL-L68
£L6L-L681
ZI6L-168L
LLGL-LGE L
0Z61-L681
6961-L68 1L
8961-L68 1
L961-168 1
9961-L68 L
S96L-L68
+961-L681
£961-L68 L
c96L-L681
LOEL-L6E L
096L-L68 L
6561L-L68 |
956 L-L68 L
41S6L-L68 L
9S6L-L6EL
SS6L-L681
YSEL-LEE L
£561L-L68
2S6L-L681
LSEL-L6E L
0S6L-L68L
6¥6L-L68 1
BYEL-L6E L
AVGL-L68
9r6L-L68 1
SrEL-LBEL
YrEL-L6EL
Ev6L-L68 1
CrBL-LBE L
LEL-L6E L
0r6L-L68 1
GEGL-LBEL
BEGL-L6B L
LEGL-LBEL
9E6L-L6B L
SE6L-L68 L
PE6L-L68
EEBL-LBHL
ce6L-L68
LEGL-L6E1

Xi.curroct
X3.curr.sep

X3 .curr.aug

B[ o v o I |

3 | e o e K R R K e K %k K

ol 3

X3 curr_jul
X3.curr jun
X3.curr.may

X3.curr.apr

X3.curr.mar

X3.curr.feb

X3.curr jan
Xi.prev.dec

X3 prev.oct

X3 prev.sep

X3.prev.aug

X3.prev.jul
X3.prev.jun
X3 prev.may

SL02-1861
SlL0Z-0861
SL0Z-6461
S1L02-8461
SlL0Z-Li61
SL0Z-9461
SL0g-si61
SL0Z-ki61
SL0Z-EL61
SL02-2461
SlL0Z-1461
SL0Z-0461
SL02-6961
S1L0Z-8961
SL02-L961
S102-9961
S10Z-6961
SLOZ-¥961
SL0Z-£961
S10Z-2961
SL0Z-L961
SL02-0961
G10Z-6561
SL0Z-8561
S102-4561
S1L0Z-9561
SL0g-s561
SL0Z-¥S61
SL0Z-£S61
SL0Z-2561
SL02-1561
S1L0Z-0S61
SLO0Z-6Y6L
SloZ-arel
SLOZ-LY6L
SL0Z-av6l
SL0Z-St6l
SlL0Z-¥vrEL
SLOZ-Ev6L
SlLoZ-2vel
SLOZ-Lt6L
SL0Z-0v6 L
SL02-6E61
GloZ-gE6 L
SL0Z-LE6L
SL0Z-9€61
SL0Z-SE6L
SLO0Z-vE6
SL0Z-£C6l
GloZ-Ze6l
SL0Z-LE6L
§102-0€61
SLOZ-6Z61
SlL0g-8z6l
SL02-L261
S1L02-9261
SL0g-SZ6l
SL02-¥261
SLOZ-£Z6L
§L02-226l
Slog-LZ6l
S102-0261
SL0Z-6L61
SL0Z-8l6l
SlLoZ-Ll6L
SL0Z-9161
SlLoZ-siel
SL0Z-¥LEL
SL0Z-El6l
SL0Z-Zi6l
SlLoZ-LIeL
SLO0Z-0161
SL0Z-6061
SL0E-8B0E L
SL02-L061
S102-9061
SL0Z-506 L
SL02-+061
S102-€061
SLOZ-Z061
SL0Z-L061L
SL02-0061
SlL0Z-66H L
SL02-868 1
S102-L681




ITYo TENNESSEE

ERS

DEPARTMENT OF GEOGRAPHY

Growth

Q
=9

Clima

Results Il

A

X3.curr.oct
X3.curr.sep

X3.curr.aug

X3.curr.jul
X3.curr jun

X3.curr.may

X3.curr.apr

X3.curr.mar

X3.curr.feb

X3.curr jan
X3.prev.dec

X3.prev.nov

L

O e e e

X3.prev.oct

X3.prev.sep
X3.prev.aug

X3.prev.jul
X3.prev.jun
X3.prev.may

R

R kx ¥

B

X3.curr.oct
X3.curr.sep

s

X3.curr.aug

X KRR N R

R R KRR R R R R R R KR KRR

X3.curr.jul
X3.currjun
X3.curr.may

X3.curr.apr
X3.curr.mar

X3.curr.feb

X3.curr.jan
X3.prev.dec
X3.prev.nov

ja&:ﬁ# LIE

H R R R R R R R R R %

|

Lo

X3.prev.oct

X3.prev.sep
X3.prev.aug

EINTET

H M

b
£

-

. w

X3.prev.jul
X3.prev.jun
X3.prev.may

§102-1861
G102-0861
GL02-6461
S102-8461
GL0Z-L461
§102-9461
§102-6461
GLO0Z-vi61
SL0Z-€461
GL0Z-216L
SL0Z-1461
S102-0461
GL0Z-6961
51028961
G102-2961
§102-9961
§102-5961
G1L0Z-7961
SL0Z-£961
G1L02-2961
$102-1961
S102-0961
G102-65961
G102-8561
§102-4561
§102-9561
G102-5561
S1L02-vS61L
GL0Z-£561
§102-2561
S102-1561
G102-0561
§102-6v61
SL0Z-8v61
GL0Z-LvBL
S10Z-9v61
G1L0Z-SvB 1L
GLOZ-vr6 L
SL0C-EvEL
GL0Z-2v6L
S102-Lv61L
§1L02-0v61
§102-6€61
§102-8€61
GLOZ-LEBL
$102-9¢€61
GLOZ-GE6L
GLOZ-vEBL
GL02-£€61
§102-2E61
GloZ-LE6l
§102-0€61
§102-6261
§102-8261
§102-£261
§10Z-9261
§102-5261
SL0C-vE6L
G1L02-£261
§102-2c6l
GL02-1261
§102-0261
SL02-6161
GL0Z-8L61L
GL02-L16L
S102-9161
GL0Z-Gl6L
S102-vi6L
SL0Z-£161
GlL0Z-Zl6l
GlLoe-Li6L
G10Z-0161
$102-6061
G1L0Z-806 L
§102-1061
G1L02-9061
§102-5061
G10Z2-v061
§102-£061
G102-2061
§102-1061
5102-0061
$102-6681
§1L02-8681
§102-2681
G102-9681




Conclusions & Discussion

=y V VvV Vv

Remnants can be dated

LIA = mortality event

Most living trees post-date LIA

No spatial establishment patterns

Shift in climate response from growing season
length to previous summer conditions

The influence of summer moisture




Continued Wor

» Potential of remnants
» Climate reconstruction

» BC Barrier!?




Continued Work

» Fire!

» |[nsects!
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Questions?

» Thank you!
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