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Why is Water Temperature Important?

» Temperature varies temporally and spatially

Day versus night

Winter versus summer

Mountain versus valley

Temperate versus tropical (spatial and seasonal)

» Temperature affects rates for chemical
reactions

» Chemical reactions affect biological functions, |
and eventually biological distributions SIRWD
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Water Temperature Varies Within a Day
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Temperature Varies Seasonally
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Fi1G. 2.—Distribution of monthly degree-day accumulations at various recording stations
along White Clay Creek. Total degree-days are the annual sum of monthly records for each
station. A, outflow of groundwater; B, woodland spring seeps; C, first order spring brooks; D,

second order streams; E, third order stream (upstream segment); F, third order stream
(downstream segment).
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Ground Water Temperature Colder in

the North

Ground water temperature (°C)

Fi1G. 1.—Isotherm lines of groundwater temperature for the continental United States (after
Collins 1925).
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Seasonal Regime Varies — Stream Type
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Fi1G. 2.—Distribution of monthly degree-day accumulations at various recording stations
along White Clay Creek. Total degree-days are the annual sum of monthly records for each
station. A, outflow of groundwater; B, woodland spring seeps; C, first order spring brooks; D,
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Water Temperature Varies — Lake Size
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Diel Regime Varies — Stream Size
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Fi1G. 3.—Maximum diurnal change in temperature as a function of stream order in temper-
ate North America. Data are from unpublished White Clay Creek studies and water resource
reports of the United States Geological Survey (U.S.G.S.).
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Chemical Reaction Rates Increase with

Temperature

Endothermic vs. Exothermic Reactions

Energy is conserved in chemical reactions. The total energy of the
system is the same before and after a reaction
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Endothermic Exothermic
The endothermic reaction is cooler The exothermic reaction is hotter )
than surroundings than surroundings l | ROUD
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Chemical Reaction Rates Increase with

Temperature

EXAMPLES of ENDOTHERMIC REACTIONS

Endothermic reactions
feel cold because they

absorb heat from the
environment.
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Chemical Reaction Rates Increase with

Rate
of
photosynthesis

Temperature

Increasing molecular
collisions due to
increased kinetic

energy leads to an {

increase in the rate ™% Breaking of bonds in

of photosynthesis t-;;’«"'! i enzymes' structure leads to
| a change in shape of the
active site (denaturation),

] decreasing the rate of

photosynthesis

Maximum rate of photosynthesis
reached at the 'optimal' temperature
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Aquatic Macroinvertebrates and Fish

are Poikilotherms

co\d blooded AN\MALS

606\3 fem?emth O\efends on whether its cold or hef outside
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Temperature Affects Life Cycles

« Temperature known to be important for many
stream organisms

|t has an effect on all macroinvertebrate
individuals (and therefore populations and
communities)

« Temperature affects individual
e Survival
 Growth rate
 Development time
 Body size/fecundity




Response to temperature

Development time, Body Size

Growth Rate
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Response to temperature

Neocloeon triangulifer
(Constant Temperature Experiments)
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Response to temperature

Neocloeon triangulifer
(Constant Temperature Experiments)
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Response to temperature

Neocloeon triangulifer
(Constant Temperature Experiments)
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Temperature Defines Communities
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Temperature Defines Communities
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People affect Thermal Regimes

* Forests thinned, fragmented, or
removed

* Running water turned to standlng
water — ponds and reservoirs

 Urban area become heat sinks

* Municipal and industrial effluents
discharged to streams SIRQUD



Deforestation affects a thermal regime

Commercial coniferous woodland

Cooler than normal in
the winter

Semi-natural deciduous woodland
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Dams affect a thermal regime

SOUTH FORK McKENZIE RIVER
® UPSTREAM OF DAM
® DOWNSTREAM OF DAM

R Cooler than normal at
s M some times

w12 .

= )

= 10 Warmer than normal at
& s some times

Q. »

> ° "W ~. .
w o, ™ Depends on reservoir

size and operation

JAN MAR MAY JuL SEP NOV

2011 Sg@

WATER RESEARCH CENTER




Ponds Increase Stream Temperature

Bennetts Run
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Ponds Increase Stream Temperature

Bennetts Run
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Urbanization Increases Stream

Temperature
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Delta-t is the difference in mean or max stream temperature from a
developed stream, compared to an undisturbed stream.

Figure 4: The Effect of Impervious Cover on Stream Temperature (Galli, 1991)

Urban areas tend to
be warmer (heat
island)

Urban streams tend to
be warmer than
normal
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Summer storms bring in warm water as

temperature surges
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Urbanization Increases Stream

Temperature
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Wastewater can warm
the stream
throughout the year
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Urbanization Increases Stream

Temperature
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Urbanization Increases Stream

Temperature
»|s the waterway forested (shade) or open?

» Does the stream receive warm water from
retention ponds?

»\Wastewater discharges?

»Does the runoff flow off of hot surfaces?

Other issues increasing stream temperature:

Lower baseflow &{QUD‘
Channel morphology — wider and shallower ~ e
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Stream Functions Pyramid —

A Tool for Assessing and Restoring Stream Functions
Functions & Parameters

Stream Functions Pyramid

A Guide for Assessing & Restoring Stream Functions » FUNCTIONS & PARAMETERS

BIOLOGY » FUNCTION: Biodiversity and the lfe histories of aquatic B 10 I Og y
and riparian life » PARAMETERS: Microbial Communities, Macrophyte
Communities, Benthic Macroinvertebrate Communities, Fish Communities,
Landscape Connectivity

..................................... Chemistry

PHYSICOCHEMICAL » FUNCTION: Temperature and oxygen regulation; processing
of organic matter and nutrients » PARAMETERS: Water Quality, Nutrients, Organic Carbon &

I Temperature

GEOMORPHOLOGY » FUNCTION: Transport of wood and sediment to create diverse bed forms and dynamic
equilibrium » PARAMETERS: Sediment Transport Competency, Sediment Transport Capacity, Large Woody Debris
Transport and Storage, Channel Evolution, Bank Migration/Lateral Stability, Riparian Vegetation, Bed Form Diversity,

Bed Material Characterization G e O m O rp h O I O g y

HYDRAULIC » FUNCTION: Transport of water in the channel, on the floodplain, and through sediments » PARAMETERS: Floodplain

Connectivity, Flow Dynamics, Groundwater/Surface Water Exchange d
Hydrology

Toxins?

Transport of water from the watershed to the channel Channel-Forming Discharge, Precipitation/Runoff

Helafionshi;;. Flood Frequency, Flow Duration Q u a ntlty
&
- S Timing
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Points to Remember

» Temperature is important — really important

» Temperature varies naturally — diel, seasonal,
annual — within a watershed, among
watersheds

» Humans have already modified stream
temperature, in addition to climate change
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