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Overall research questions

How do changes in vegetation
structure associated with MPB
alter the partitioning of energy
and water, including
evaporation, transpiration,
recharge, and stream flow?

How do these changes in
energy and water availability
affect local to regional scale
biogeochemical cycles including
a) carbon uptake, respiration,
and export in stream flow, b) N
deposition, availability,
emission, and N export in
stream flow, and c) emissions
of biogenic trace gases?
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Why we care about catchment-scale
water partitioning?
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Average Annual Precipitation
Western United States

Period: 1961-1990 Units: inches

Assuming AS=0
P=Q+ET
Runoff ratio RR is a simple
proxy for water partitioning:
RR=Q/P

Around 70% of precipitation
is returned to the atmosphere
by evapotranspiration in
these semi-arid regions

In forested areas:
— Transpiration ~40%

— Interceptions reduces
snowpacks by 20-50%



What are the hypothesized changes in hydrologic
partitioning and runoff at the catchment-scale?

Time since infestation

tit it

Processes Transpiration Interception l
Interception ? Shading §
Litter ¢ Sublimation ?

Runoff Response Baseflow increase Peak Q increase
Timing? Earlier timing

Baseflow increase



Previous evidence of changes in water
partitioning following tree dieoff

 Bethlahmy (1975) 10-20% increase in water yield
on the Yampa and White Rivers

e Potts (1984) 15% increase in water yield on Jack
Creek, MT

e Difficulties inferring causality in water partitioning
— Precipitation was not considered

— Paired catchments studies require ‘unimpaired’ area
with similar hydrological properties and water inputs
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Site selection based on:
20+ year record of streamflow through water year 2008 or 2009
14+ year record of insect/disease induced tree mortality
No upstream diversions/flow regulation




An average of 43% catchment area affected
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Variability in climate over the study period
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Catchment-scale hydrological response in
central Colorado

1000 ] Precipitation

B Streamflow T
800y - l
600 i

Iy
O
—

Mean Annual P, Q (mm)

1l

|l0s4)] [(064)] [1037)] [(039) ] [(0.41)] [(0.65)] [(0.40)] [(0.52) ]

" DAR SFW KFY WEFA TIHIR Al G MIN

Percent water yield exhibits
large spatial and temporal
variability

1

0.9
e,
T 0.8
1 o
Water yield appears to & o7
decrease following tree S o6
. o
mortality = 05
g 04
<
Statistically significant in c
O 0.2
only two catchments =
0

I:l Pre-Outbreak
- Post-Outbreak

SFW KEY WEA TUR BLG MID RSS



Catchment-scale hydrological response in
central Colorado

Comparing observed response to predictions from a multiple linear
regression model of hydrologic
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The response to MPB is
variable; the only significant
change in annual water yield
is a decrease in the most
heavily impacted catchment
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Common observations:
« Slight increase in baseflow
 No change in timing
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What explains the decrease in runoff and presumed
Increase in vaporization?

Contri b utes betwee n 40% SW Radiation | Precipitation Incoming LW Radiation

Interception
to 60% of energy budget
in mountain catchments.

SWE is sensitive Sensible HF Qutgoing LW Radiation

to changesin  LatentHF (Canopy)

SW radiation. Sublimation
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Rinehart, Vivoni, and Brooks 2008



Vegetation structure changes both local shading and
scattering of radiation to remote slopes

Snow Covered Vegetation Covered

a,, = 0.45—0.85

Rair * Ryt 8yeg = 0.1 0.25 Rair + Ryit

}

Complex terrain scatters can capture more light than a flat surface

The loss of needles in grey phase both decreases local shading and
increases remote albedo

Combine with changes in albedo from needles and dust



How large an effect on radiation can the
change in vegetation have?
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A change from vegetated surface to exposed snowpack can
increase the energy received by the snowpack 25 -35%

Scattering from a snow-covered catchment can change SWE
+/- 50% at any point

The net effect in this catchment is ~ 35% reduction in SWE



How do we improve our understanding of
water partitioning following tree dieoff?

e Catchment-scale monitoring
— Snow depth
— Soil moisture/temperature
— Groundwater levels
— Surface runoff
— Water chemistry at many locations

* Vertical flux measurements
— Below canopy
— Above canopy

e Catchment-scale modeling
— RHESSys model



Overview of instrumentation

Intensive water and chemistry Water flux site:
flux site: paired canopy and paired canopy and
open-canopysites ' open-canopysites
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How does MPB affect snow accumulation?

Continuous records of snowfall from snow depth sensors
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» Interception ~ 30% in green forests
» Minimal interception in grey canopies



Snow surveys at intensive sites
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Larger-scale stand structure more important than individual trees
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