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• Amount of time for a process to occur or complete
• Units of time
• An estimate
• Inverse of a rate 
• Conveys info about speed of process

o Bigger τ = Slower process

o Smaller τ = Faster process

What are diagnostic timescales?



Why we    timescales 

• physical, biological, or chemical

• common currency
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Time scales provide a COMMON CURRENCY 
for integrating and comparing 

physics, biology, and chemistry
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τ

Use together to understand/predict complex 
reactive transport processes

Lucas & Deleersnijder 2020, Water



Why we    timescales 

• physical, biological, or chemical

• common currency

• encapsulate complexity of real ecosystems 
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Timescales encapsulate complexity

τOR
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Why we    timescales 

• physical, biological, or chemical

• common currency

• encapsulate complexity of real ecosystems 

• distill large datasets / extract essence

• more meaningful than primitive variables

• paint graspable picture of system function

• variable process richness (“holism”)

• foundation for simple models
Lucas & Deleersnijder 2020, Water

Deleersnijder, Mouchet, Delhez 2018



Transport 
timescales

Adapted from Deleersnijder, Mouchet, Delhez 2018

diffusive 
timescale

advective 
timescale

… and the timescale 
“Tower of Babel”

- Viero & Defina, 2016



age

Precise definitions

age = time since entering
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Precise definitions

age = time since entering

residence time = time 
until leaving for first time
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exposure 
time

Precise definitions
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residence time = time 
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until leaving for good
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Precise definitions

transit 
time

age = time since entering

residence time = time 
until leaving for first time

exposure time = time 
until leaving for good

transit time = total time 
from entrance to exit
(age+residence time)
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age = time since entering

residence time = time 
until leaving for first time

exposure time = time 
until leaving for good

transit time = total time 
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Transport 
timescales

Adapted from Deleersnijder, Mouchet, Delhez 2018

diffusive 
timescale

advective 
timescale
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Shen et al. 2013

Example: Dissolved oxygen dynamics in Chesapeake Bay 

The full 3D time-dependent advection-diffusion-reaction equation for DO:
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Example: Dissolved oxygen dynamics in Chesapeake Bay 

Shen et al. 2013
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Example: Dissolved oxygen dynamics in Chesapeake Bay 
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…after some more simplifying assumptions, 
substituting timescales into reduced PDE, 

and a little algebraic rearrangement:

𝑐𝑐𝑏𝑏𝑏𝑏𝑏𝑏∗ = 1 −
1

𝜏𝜏𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐∗ 1 − 𝑒𝑒−𝜏𝜏𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔∗

𝑐𝑐𝑏𝑏𝑏𝑏𝑏𝑏∗ =
𝑐𝑐𝑏𝑏𝑏𝑏𝑏𝑏
𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠Define:

Super-simple, 
process-based model 

of bottom DO !

Example: Dissolved oxygen dynamics in Chesapeake Bay 

Shen et al. 2013
f(2 params)



f(2 params)

Example: Dissolved oxygen dynamics in Chesapeake Bay 
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Contours of normalized bottom DO concentration

Hurray! We can plot it!
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Example: Dissolved oxygen dynamics in Chesapeake Bay 
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measurements

simple model

The simple model 
works pretty danged 

well!
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Take home
Timescales can

• Represent ANY kind of PROCESS
• COMMON CURRENCY
• REDUCE complex problems to ESSENTIAL parts

• develop intuition for HOW SYSTEM WORKS, more MEANINGFUL than 
primitive variables

• Basis of SIMPLE but effective MODELS

“To avoid misunderstandings and even erroneous 
conclusions it is important to introduce precise 
definitions and to use [timescales] with care.”                                

-Bolin & Rodhe 1973



Interested in learning more?
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