Coupling between fire and permafrost

Eight Mile Lake Study Area Effects of permafrost thaw on surface
hydrology between better- drained vs. poorly-
drained ecosystems
Consequences for ecosystem structure and
function?

Common measurements:
soil environment (temperature, moisture,
water table, and active layer depth)
radiocarbon age of DOC
exchange of CO, and CH,
species composition and productivity
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HZ2b: Climate-Permafrost Interactions
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ENERGY VERSUS WATER LIMITATION — MOTIVATING LITERATURE
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Figure 8. Climatic warming and ecosystem water use—a conceptual summary showing a) the balance between early season increases in ET with
late season water stress related decreases in ET b) the sensitivity of vegetation ET to warming as a function of apriori timing of snowmelt and
c¢) the effect of initial biomass and feedbacks between growth and ET as warming occurs.

From Tague et al. 2009



Evaporative index (actual
evapotranspiration + precipitation)
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ENERGY VERSUS WATER LIMITATION

Budyko framework: energy
versus water limitation on
hydrologic budgets

PET=P<1 |
energy limited| water limited .
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Potential evapotranspiration + precipitation

 AET/Pvs. PET/P
Deviations from line driven by:

Snow melt
Lateral fluxes of water
Fire

From Jones et al. 2012



ENERGY VERSUS WATER LIMITATION

A - forest to grassland
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Fig. 6. Changes in catchment evapotranspiration following major
vegetation changes. From Donohue et al. 2007



LTER Research: Effects of permafrost thaw on
forest and tundra ecosystems

Wetlands and thermokarst
formation

* Chronosequences
combined with field
experiments to
extend variation in

O->

Soil A

moisture v . .
availability key drivers (soil
A temperature and
A moisture)
* Tie into Regional Site
‘ ‘i, Network

Transition from black
spruce to deciduous

Time following permafrost thaw



Climate Variability
and Change

CLIMATE AND LANSCAPE STRUCTURE INTERACTIONS

A Ecosystem Function and Structure
A Successional Pathways

PRECIPITATION
Timing and amount

NET PRIMARY
PRODUCTION

LANDSCAPE TOPOGRAPHY
e.g., uplands, floodplains, wetlands,
tundra

!

VEGETATION AND SOIL STRUCTURE

PERMAFROST
Distribution, thaw, and stability

WETTING AND
ECOHYDROLOGY

TRACE GAS
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SURFACE RUNOFF
Stream flow and
solute exports

Disturbance Regimes




EFFECTS OF CHANGING WATER AVAILABILITY ACROSS LANDSCAPE
HYDROLOGIC GRADIENTS

 ENERGY VERSUS WATER LIMITATION CONTROLS ON
ECOSYSTEMS
— CONSEQUENCES FOR CARBON STORAGE AND FLUXES
— EFFECTS ON PRIMARY PRODUCTIVITY

* HOW HYDROLOGIC PARTITIONING AND CARBON FLUXES WILL
RESPOND TO THAWING PERMAFROST AND WILDFIRE ACROSS
THE LANDSCAPE

* SCALING FROM PLOT TO WATERSHED SCALES

* INCORPORATING LANDSCAPE TOPOGRAPHY (E.G., WETLANDS,
BOREAL TUNDRA, UPLANDS) INTO A BROADER CONCEPTUAL
FRAMEWORK

* INTEGRATING WITH THE REGIONAL SITE NETWORK






FIRE AND HYDROLOGIC PARTIONING — MOTIVATING LITERATURE
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and aerated soil

Post fire: loss of forest
led to low ET and
permanent water

logging

From Fletcher et al. 2014



[EEY

Evaporative Index (AET/P)

LANDSCAPE WATER PARTITIONING
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