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Streams and their riparian zones
Extent of  surface, lateral and hyporheic (sub-
surface) connections varies:

◦ Seasonally

◦ Interannually

◦ Geographically

Riparian zones (when present)
◦ Regulate biogeochemistry (N & P cycling, 

carbon)

◦ Moderate water temperatures and reduce 
primary production (shading)

◦ Provide energy (detritus) and instream habitat 
(log jams, cover)

◦ Can reduce flow

Ward, A.S. et al. (2020) Frontiers in Water, 2, 1-7. https://doi.org/10.3389/frwa.2020.00007.

https://doi.org/10.3389/frwa.2020.00007


What can we expect 
under climate change?
IT DEPENDS…



Changes in mean 
baseflow
BLUE =  DECREASE

RED = INCREASE

CSIRO Mk 3.5 UKMO HadCM3



Limitations
Statewide rainfall-runoff models geared to modelling yield for human users

◦ Oriented to larger river segments, downstream ends of catchments

◦ Most of the forest estates are in the headwaters at higher elevations

◦ Modelling low or cease-to-flow events is challenging

◦ Reconciling Hydro Tasmania and NRE models?

Need modelling tools more oriented to coupe-level and sub-catchment scales

More flexible thinking about the role of perennial & intermittent flows

Biodiversity data is both uneven and mostly modelled
◦ CFEV is also showing its age



Headwater streams 
(Classes 2, 3 & 4)
Entities on left: biologically-
mediated contributions from 
headwaters to downstream 
segments

Entities on right: features that 
benefit species with obligate 
dependence on headwaters

Source: Meyer et al. (2007) Journal of the 
American Water Resources Association, 
43(1): 86–103



Shopping list
Flow permanence and water temperature

◦ Sub-catchment scales

◦ Intermittent flow

Hydrological changes from land use
◦ Conversion to plantations

◦ Interactions between tree growth and water

Geomorphic changes resulting from land use change and climate 
change

◦ Frequency and intensity of high flows

◦ Erosion

Fire

Anthropogenic adaptations
◦ Diversions and water capture

◦ Perennialisation (e.g. farm and fire dams)

◦ Knock-on effects from intensification of groundwater extraction



One size won’t fit all
TEFLOWs study

Vertical red broken lines: sampling dates
◦ Antecedent flow conditions influential

◦ Partial confounding with seasonal changes

Note log-scale for discharge
◦ Short term spikes even in drought

◦ Streams not completely dry even during 
(modelled) cease-to-flow events

Marked variation in flow even between these 
sites in the same flow ‘regime’



Intermittent flows and streams
Intermittent streams

◦ Common: 58% of US forested land drains to 
intermittent streams

◦ Riparian protection is rare: only Alaska & West 
Virginia in US

◦ Perennial streams will become intermittent in 
places where it will get drier

◦ Flow may cease but water may still be there
◦ Residual pools

◦ Hyporheos

Biodiversity
◦ Some biota specialise on intermittent streams

◦ Obligate aquatic species will struggle



Ecosystem processes in intermittent 
streams & riparian zones

Drying and warming may:
◦ Accelerate:

◦ Decomposition

◦ Community metabolism, N & P cycling

◦ Reduce
◦ Downstream exports of nutrients and carbon

Rainfall events and re-wetting:
◦ Stimulate retention of nutrients in riparian zones

◦ “Weather whiplash”
◦ Riparian buffers bypassed

◦ Increased transport of sediments and nutrients

Dodds, W.K. et al. (2022) , Methods in Ecology and Evolution, 13(3):757–766



How do we 
reason with 
this 
complexity?



Intermittent streams
WET END OF DRY PERIOD



Sub-catchment tools
Minimise sediment mobilisation and input

◦ Identifying and managing source areas

◦ Crossing and culvert design & management

◦ Strategic use of buffers and MEZ

Knowledge gaps
◦ Impacts of drought on Runoff Source Strength

◦ Mapping permanent and intermittent streams

◦ LiDAR, remote sensing, ground survey: which to 
pick and where?

◦ Riparian recovery after fire

◦ Necessity for buffers on intermittent streams

Croke, J.C. and Hairsine, P.B. (2006) Environmental Reviews, 14(1): 59–87



Catchment 
tools
Catchment and regional scale:

◦ Modelling flow regimes and 
network hydraulic connectivity

◦ Mapping hydrological refuges

◦ Changes in riparian and land use 
and vegetation cover

Modelling water temperature 
changes

Barriers and crossings
◦ Including opportunities for creating 

refuges

Ward, A.S. et al. (2020) Frontiers in Water, 2, 1-7. https://doi.org/10.3389/frwa.2020.00007.

https://doi.org/10.3389/frwa.2020.00007


Cautionary tale about mapping
13 ha catchment in Switzerland

Dark blue: surface water

Light blue: “dry” channels

Panel (e): what’s marked on 1:25 000 
topographic map

They trotted out with GPS after every rainfall 
event for a couple of years

Combined with 2 x 2 m lidar & airphotos

More empirical studies to establish 
correlations with less intensive methods

van Meerveld, H.J.I. et al. (2019) Hydrology and Earth System Sciences, 23(11): 4825–4834



Summing up
Impacts will vary regionally ⟹ locally appropriate data, models, prescriptions

GCMs will be updated ⟹ ways to feed improved models into local models, decision 
support

Intermittency and forestry
Sub-catchment scale modelling of flow connectedness shows promise

Needs research and (maybe) different management

Raw data:
Occurrences of species (eDNA?)

Biogeochemistry (process responses: N, C sequestration & release, Omics & microbial 
functional responses?)

Physical data (moisture sensors, fine-scale mapping)

Linkages
Hillslope processes, erosion and sediment delivery

Hydrology (climate and land use changes)

Fire (riparian impacts, persistence of effects)


