
Abrupt ecosystem changes 
and disturbance hydrology

Week 3, GE5211 (‘18/’19)
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Today…
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1. What is abrupt ecosystem change?

2. How can we deal with interactions of disturbance drivers?

3. How do we define extreme weather & climate events? (relevant to ecosystems’ change)

4. What is disturbance hydrology & how does my unfinished postdoctoral 
research fit within the discipline?

What is the connection between these topics and Dynamic Environments?

Climatology

HydrologyEcology 
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Abrupt Change in Ecological Systems: 
Inference and Diagnosis

Ratajczak et al. (2018)

Forest disturbances under climate change

Seidl et al. (2017) 

1. 2. 2.
3.

4.

Disturbance Hydrology: Preparing for an 
Increasingly Disturbed Future
Mirus et al. (2017)

Extreme weather and climate events with 
ecological relevance: a review

Ummenhofer & Meehl (2017)



1.
Abrupt change in ecological systems: inference & diagnosis
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• Generally: a collection/combination of elements & their 
interactions; 

• Usually there is a well-defined spatial boundary & 
relevant temporal resolution & period   

System

State variables
External 
drivers

External 
drivers

State variables
Major components of the system that 
change over time
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• External to the system;
• Affect the system without the system affecting them;

Definitions
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Disturbance 

Abrupt change

System state

substantial changes in the mean or 
variability of a system that occur in a short 
period of time relative to typical rates of 
change

relatively discrete event in time that alters the 
biotic and/or abiotic components of an 
ecosystem.

Definitions

the characteristics used to describe the status 
of an ecosystem at a particular domain in 
space and time.



https://youtu.be/ysa5OBhXz-Q 7

https://youtu.be/ysa5OBhXz-Q
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Driver 1

• Mean
• Variability 

State Variable(s)

Driver 2

Driver n

• Mean
• Variability 

• Mean
• Variability 

…

• Mean
• Variability 
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WE make a clear distinction between the system (& 
its state variables) & the external drivers. 1.

WE then can ask the questions: 
• How does change in the DRIVER (e.g. 1, 2, …, n) 

affect the State variable?
• How are the drivers interacting?

2.
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Abrupt 
changes in 

mean system 
state with 
changes in 

driver mean
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Abrupt changes involving variability in system and/or drivers

• Changes in driver variability can lead to an abrupt change in the mean state of an ecological system

p. 519

• Changes in the mean of a driver can lead to an abrupt change in the ecological system variability

• Changes in driver variability can lead to abrupt changes in the ecosystem variability



11

Changes in the disturbance regime (altered intensity or frequency) outside of historical range of 
variability can alter the recovery capacity of ecosystems. 

Disruption of disturbance-recovery cycle



2.
Disturbance drivers interactions & forest disturbances under climate change
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Interactions between 
multiple drivers

Safe 
operating 
space

Increased 
likelihood

Decreased 
likelihood
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Climate 
change & 
disturbances
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Seidl et al., Table 1 

Disturbance agent Direct effects Indirect effects Interaction effects

Fire

Drought

Wind

Snow & Ice

Insects

Pathogens

Processes through which climate influences forest disturbances
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Interactions between 
forest disturbance agents 

Sector size  distribution of interactions 
Flow  relative importance of interactions 
between individual agents
Arrows  pointing from the influencing 
agent to the agent being influenced by the 
interaction

(based on the number of observations 
reported in synthesized literature)
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warmer and wetter 

warmer and drier 

Global disturbance 
response to changing 
temperature & water 
availability 
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Be aware of the literature bias! Fire
Drought
Insects
Pathogens

North America
Europe

“It remains unclear, for instance, 
whether the increasing effect of future 
climate change with latitude reported 
here … is the result of an increased 
exposure of boreal forests to climate 
change in combination with naturally 
lower tree species diversity, or whether 
it is simply the effect of a publication 
bias towards these ecosystems.”



3.
Defining weather & climate events as extreme
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What is defined as extreme climatic event?

“…the occurrence of a weather or climate variable above (below) a threshold value 
near the upper (lower) end of the range of observed records of the variable.”

The threshold value: 
 would vary, but usually it would be 1%, 5%, 10% relative to 

a reference period.
 Could be absolute value too, if/when it is relevant. 

The reference period: 
 Historical period (30 or more years).
 Changing the reference period may result in 

change in our results and conclusions. 

This type analysis is very 
sensitive to data availability, 
quality, and consistency. 
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shift of the entire distribution toward a warmer climate

increase in T variability with no shift in the mean

altered shape of the distribution 

(here: asymmetry toward the hotter T)

Tpresent future
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Characteristics that may be 
relevant when thinking about 
climate events as disturbances:

 magnitude,
 probability or return frequency, 
 duration, 
 spatial extent,
 timing, 
 onset date or seasonality
 preconditioning

Usually it is in terms of temperature, 
precipitation or moisture, or the 
combination of these.

What are the challenges in assessing how extreme climate 
events impact biological systems?



4.
What’s disturbance hydrology?
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Disturbance hydrology

• Interdisciplinary
• Borrows terminology from ecology (& abrupt ecosystem changes), but the focus is on the 

hydrologic function of a system. 

https://ngee-tropics.lbl.gov/research/anthropogenic-disturbance/ photo by Michael Quinton
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Hydrologic function of a system?

elevation aspect slope land cover

hydrometry

Tree mortality

the watershed, usually…

How the watershed works, in terms of water … , 
where …. is:
• partitioning how does water flow, 

quantifying different flowpaths
• storage what is the holding capacity
• release  what is the timing (when, how 

much, how delayed)
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Hydrologic disturbance includes event that changes the previously understood 
hydrologic function. 

Departure from “normal” spatio-temporal patterns and conditions.

Challenge #1

Hydrologic
vs.

Ecologic 
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Discrete/abrupt 
disruption

Beginning/end 
not always clear

Pulse disturbance  abrupt, acute
Press disturbance  chronic

It can be characterized by:

• Abruptness

• Magnitude 

• Duration 

t1 t2

Volcano eruption

Wildfire 

Insect infestation 

Climate change
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Challenge #2 Challenge #3

Constrain the timescales of return periods & duration of 
hydrologic disturbance drivers against potential 
timescales of recovery

From @nature-LANDFIRE data: https://www.landfire.gov/mfri.php

Disentangling the “cause-effect” in a fully coupled Earth 
System with intertwined processes & overlapping 

disturbances. 

Credit: National Atlas, modified by K. Cantner, AGI

https://www.landfire.gov/mfri.php
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Socio-hydrology Disturbance hydrology 

• Bidirectional feedbacks between 
humans & water supply

• Co-evolution of environmental & 
social processes.

Week 5

• It could accommodate human activity as a 
disturbance, however…

• … the focus is on the “natural” disturbances.

• It may be more productive to consider how 
humans influence the severity & frequency 
of different disturbances, than to 
differentiate between anthropogenic & non 
anthropogenic ones. 

vs.



Mountain Bark Beetle tree die-off in the 
Western US
Case-study
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Live tree aboveground carbon (AGC) stocks on forestland in the western US
Year 2000 ↓

Berner et al. (2017) https://doi.org/10.1088/1748-9326/aa6f94

https://doi.org/10.1088/1748-9326/aa6f94
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• Mean annual tree mortality from fires, bark 
beetles, and timber harvest on forestland from 
2003-2012. 

• Tree mortality was quantified as the amount of 
aboveground carbon (AGC) stored in tree 
biomass killed by disturbance.

Berner et al. (2017) https://doi.org/10.1088/1748-9326/aa6f94

Medicine Bow National Forest (left) - Joe Riis/U.S

https://doi.org/10.1088/1748-9326/aa6f94


Sources : 
map: Aerial surveys by R1, R2, R4 Forest Service Regions  1992-2014
Numbers: Aerial Detection Survey: 2015 Wyoming Highlights

Tree mortality
(‘90s-2014)                                                                      

Photo Credit: John Frank

Mortality agent

Mountain pine b.
Douglas-fir b.
Spruce b.
Pine engraver
Blue Spruce engraver
Subalpine fir mortality complex
Five needle pine decline
Forest Fire
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Tree die-off  & streamflow (existing hypotheses)

Adams et al. 2012 

“Ecohydrological consequences of drought- and infestation-
triggered tree die-off: insights and hypotheses”

Tree die-off indirectly affects infiltration, runoff, 
groundwater recharge, and streamflow

Detectable change in water budget components:

• ↑ Annual flows if: 

• >500mm annual precipitation (or snowmelt 
dominated)

• ≥20% loss of forest cover

• Seasonal effects: ↑peak flows, ↑low flows

Pugh and Gordon 2013

“A conceptual model of water yield effects from beetle-induced tree death in 
snow-dominated lodgepole pine forests”

Process-driven conceptual model based on the infestation phase

• ↑ Water yield:  Green, Red, Grey, Tree Fall Phases

• ↑ Peak flow: Grey, Tree Fall Phases

• ↑ Low Flow: Green, Red, Grey, Tree Fall

•  Timing: Red, Tree Fall Phase

Observable change in low-flows 1-10+ years after infestation (?)
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1-4 y≤ 1 y +4 y

4-10 y



Runoff 
parametersLocal Climate

Forest cover 
changes

(Tree mortality)

Forest Fires

Other factors 
(management)

Q & BF

Q & BF

Goal  Identify changes in runoff  
Challenge  Isolate the various signals
Approach  historical data

Framework Timing & 
magnitude

Timing & 
magnitude

Variability
Change (?)

Watershed selection:
unobstructed by human 
impact
above dams, lakes, reservoirs, 
not influenced by canals, ditches, 
and diversions
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North Brush (96km2, 82% forest cover)
Mortality footprint: 88% (1997-2014)

Pacific Creek (438km2, 41% forest cover)
Mortality footprint:  18% (1992-2014) 

Forest cover with new 
mortality (% area) 

Wildfire (the big 

Yellowstone fire, 

late ‘80s)

 Bark beetle
35
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• No hydro-engineering
• No diversion for 

irrigation
• Managed forest
• Snow-melt dominated 

system
• High inter-annual 

variability
• Increasing temperatures
• No significant change in 

precipitation (& SWE)
• Tie-driving legacy 

Challenge  dynamic 
system, overlapping 
recovery & disturbance, 
heterogeneity, combination 
of press disturbances (+ 
pulse?)
What is a normal hydrologic 
function for this watershed?
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https://youtu.be/pzwrMgPUGyI

https://youtu.be/pzwrMgPUGyI


38https://youtu.be/H8vkZRoxdrU

https://youtu.be/H8vkZRoxdrU


Recap
New terminology from today… key words?
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Next week  Methods and techniques in climatology, led by Dr. Chow


