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wEPA Drought in Oregon 2000-2022 (US Drought Monitor)

Oregon Percent Area in U.S. Drought Monitor Categories
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Q: What is the role of
drought on tree
growth and mortality
in western Oregon?

Growth-climate and
mortality-climate
relationships based on
available soil water
measurements recorded
continuously since 1998,
annual mortality surveys,
and dendrochronological
records at permanent field
sites

EPA Monitoring Network in Oregon

Disturbance agent
. Douglas-fir beetle

B Douglas-fir

Other tree species

—-— Cascade crest
A Instrumented sites
® Other sites

Map generated by Colin Welk, ORISE student contractor

EPA met
stations at
Coast-to-
Crest field
sites
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EPA 2000-2021 Worst Drought in 700 Years
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- Risk of tree mortality from drought and BDAs is higher in areas
\"'IEPA with declining tree growth
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Latewood Ringwidth (log mm)
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Latewood growth decline is most strongly associated with
available soil water (ASW +) in current and previous years

2000-2021 Drought

VAUV

@ Observed LW,

® Predicted LW, =y +0.66*( EW; - vt ), R?=0.90
where = -0.82+0.0163*Jul_ ASW, 4 +0.0024
+0.0060*Jun_ ASW,_4 +0.0207*Jun-Sep_ ASW.

A. Live western hemlock
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B. Live Douglas-fir
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C. Dead Douglas-fir
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Latewood growth has become more water-
limited as available soil water has decreased
below a threshold (<40%) in recent decades
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Dendrochronological records for Falls Creek (530 m elev)



wEPA Annual mortality survey data at Falls Creek (0.49 ha)

Total dead western hemlock = 148 suppressed
Total dead Douglas-fir = 3 suppressed, 2 intermediat

9 co-dominant

® \Western hemlock N_live=353
® Douglas-fir N_live=67

gded fir borer
rnpss packing

ds-fir beetle
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Probability of Survivability for Suppressed Trees (p)
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Tree mortality increases with decreasing available soil water
(ASW) and increasing summer temperature at Falls Creek

Aug Tmax lag1=23 oC,JFM Prec=300 mm,A§ Tmean=15 oC

17 00

40% ASW thret

0 = Dead
1= Live

p(t)) = 111.4f-0.32*Sep_ASW(t-7)+0.38*Sep_ASW(t-5) |

| -2.30*Aug_Tmax(t-1}+0.029*JFM_Prec(t)]

|-3.55*Aug-Sep_Tmean(t) I
-4.25*Pulse_2021(t)
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8-year Weighted Moving Average Available Soil Water (mm)
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gc (cm s'1)

Tree mortality occurs earlier when heatwave
follows the onset of drought rather than
simultaneous drought and heatwave (Cochard

et al. 2020).

gc (cms '1)

VPD (hPa)

REW

Canopy conductance decreases once relative
extractable soil water (REW) drops below a

threshold of 40% (Bréda et al 2006)



8-yr MA ASW  Prob Mortality (%) # Dead Trees

Aug-Sep Tmean Jan-Mar Prec ~ Aug Tmax lag1

wEPA Mortality from drought and BDAs at Falls Creek
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Early mortality of co-dominant DF at Tillamook in 2015
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Early mortality of co-dominant Df from drought and |nsects
® Suppressed or Intermediate
® Co-dominant or Dominant
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Number of Dead Trees
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EPA Tree Mortality Surveys at Cascade Head Experimental Forest

1935-2021 (Acker et al 1998) Vi/indtfﬂow or winisnap mortalitlv
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S EPA Swiss needle cast severity increasing in recent
g decades (Lee et al. 2013, 2017, 2021)

§ A. Tillamook Lower 260 m elev _ . .
5 — S ides 5 * Growth declines of w hemlock at Tillamook are
— emperature \i — . . N N . . .
. —Precipitation ' explained by decreasing soil moisture, indicating
B. Tillamook Upper 520melew\/&wwm - drought impacts on growth
. o A |

* SNC impacts on DF growth has been increasing in
recent decades due to warmer winters and is most
severe at Tillamook (Lee et al., 2013).
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C. Cascade Head 150 m elev ﬁ E
D. Euchre Mountain 410 m elev

E. SNF HCT Lower 280 m elev, 1585-1800
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* Mortality agent is specific to Douglas-fir (e.g., SNC) and
impacts dominant and co-dominants.
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- Douglas-fir mortality is likely due to carbon
< starvation associated with SNC, drought and
warmer temperatures at Tillamook.

Swiss Needle Cast Index of Growth Reduction (%)
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Conclusions

» 2000-2021 drought is the driest 22-year period in past 700 years in PNW.

» Regional tree growth decline and mortality in PNW are most strongly associated with
decreasing soil moisture followed by heatwaves.

» Rate of mortality from drought is increasing for suppressed and intermediate canopy
classes in recent decades.

» Rate of Douglas-fir mortality from drought and BDAs is increasing for dominant and
co-dominant canopy classes in recent decades in western Oregon.

» Douglas-fir mortality at Tillamook, starting in 2015, was unprecedented in North
America and was largely influenced by increasing SNC severity and decreasing soill
moisture associated with warming temperatures in recent decades.
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